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PART  I 
INTRODUCTION 


Plan  and  scope  of  this  volume 

The  life  tables  in  this  volume  are  based  on  the  1940 
census  of  population  and  the  deaths  of  the  3-year  period 
1939-1941.  Separate  life  tables  have  been  prepared  for 
each  sex  for  each  of  three  racial  groups:  white,  Negro, 
and  other  races.  This  is  the  first  time  official  life  tables 
have  been  prepared  for  races  other  than  whites  and 
Negroes  in  the  United  States.  Life  tables  are  also 
included  for  the  total  population  of  each  sex,  for  the 
total  population  of  each  racial  group  without  distinction 
by  sex,  and  for  the  entire  population  without  distinc- 
tion by  race  or  sex.  Each  of  the  12  life  tables  is  based 
on  data  for  the  entire  continental  United  States.  Also 
included  are  certain  actuarial  tables  derived  from  the 
life  tables  for  white  males,  white  females,  and  total 
whites,  to  be  used  in  calculating  premiums  and  values 
for  life  annuities,  life  assurances,  and  other  monetary 
benefits  contingent  on  death  or  survival.  Other  sections 
give  a  brief  synopsis  of  the  elementary  mathematical 
theory  of  life  contingencies,  including  those  involving 
more  than  one  life;  instructions  for  using  the  actuarial 
tables,  with  numerical  examples;  and  a  complete  ac- 
count of  the  methods  and  processes  used  in  constructing 
the  life  tables.  Because  of  the  increasing  interest  in  the 
preparation  of  life  tables  on  the  part  of  demographers, 
public  health  workers,  and  other  groups,  an  effort  has 
been  made  to  render  this  statement  of  methods  and 
processes  intelligible  to  readers  having  a  reasonable 
knowledge  of  mathematics  and  statistics,  but  without 
specific  actuarial  training.  For  this  reason,  some  of  the 
explanations  will  doubtless  seem  to  the  actuary  un- 
necessarily full,  and  even  somewhat  tedious.  An  ap- 
pendix, intended  primarily  for  actuaries,  explains  the 
special  processes  used  in  the  construction  of  the  actu- 
arial tables,  and  certain  other  technical  matters. 

Accuracy  of  the  tables 

It  is  well  known  that  the  statistics  on  which  these 
life  tables  are  based  are  subject  to  various  errors,  the 
magnitude  of  which  is,  in  most  cases,  difficult  to  esti- 
mate with  precision.  These  errors,  whether  found  in 
statistics  of  populations,  deaths,  or  births,  fall  into 
two  general  classes:  (1)  incompleteness  or  underenu- 
meration,  and  (2)  incorrect  reporting  of  some  of  the 
pertinent  information,  such  as  age,  race,  or  sex.  Very 
little  specific  information  is  available  as  to  the  extent 


of  incompleteness  of  reporting,  except  in  the  case  of 
birth  statistics.1  However,  it  is  believed  that  the  un- 
reported cases  constitute,  in  general,  a  small  percentage 
of  the  totals  involved,  except  in  the  case  of  data  for 
very  young  children  (including  births).  In  the  latter 
case,  a  serious  attempt  has  been  made  to  introduce  a 
suitable  correction  in  the  process  of  constructing  the 
life  tables.2  It  should  be  mentioned  also  that  when 
death  statistics  are  related  to  the  corresponding  popu- 
lation data,  as  in  the  computation  of  rates  of  mor- 
tality, any  incompleteness  in  the  enumeration  of  the 
population  tends  to  offset  whatever  deficiency  may 
exist  in  the  reporting  of  deaths.  It  is  believed,  there- 
fore, that  errors  of  incomplete  reporting  are  not  likely, 
in  general,  to  be  of  sufficient  magnitude  to  seriously 
affect  the  life  table  values  for  white  persons.  How- 
ever, there  is  some  indication  that  in  the  rural  areas  of 
the  South  the  reporting  of  Negro  deaths  may  be  appre- 
ciably less  complete  than  the  enumeration  of  Negroes 
in  the  census.3  Since  49  percent  of  the  total  Negro 
population  is  found  in  the  rural  parts  of  the  South,  it  is 
possible  that  mortality  rates  for  Negroes  may  be  some- 
what understated.  There  is  a  more  serious  possibility 
of  error  in  the  case  of  the  group  of  "other  races"  which 
includes  Indians  living  on  reservations,  a  class  which 
presents  real  difficulty  from  the  standpoint  of  complete 
reporting  and  enumeration. 

Among  the  errors  due  to  incorrect  reporting,  those 
arising  from  incorrect  statements  of  age  are  by  far  the 
most  important  class,  as  regards  the  construction  of 
life  tables.  These  errors  in  age  fall  into  two  general 
types:  (1)  systematic  errors,  which  arise  from  a  pref- 
erence for  ages  ending  with  certain  digits,  such  as  0,  5, 
and  the  even  numbers  generally,  and  (2)  errors  charac- 
teristic of  particular  ages  or  periods  of  life.  The  sys- 
tematic errors  are  believed  to  have  been  largely  elimi- 
nated in  the  graduation  of  the  data  described  in  part 
V.  A  typical  example  of  an  age  error  of  the  second 
type  would  be  that  described  by  Wolfenden  4  as  "a 
natural  inclination  to  overstate  the  age  until  the  attain- 
ment of  majority,  and  then  to  understate  at  adult  ages, 

'  See  p.  102. 

«  See  pp.  106-108. 

>  U.  S.  Bureau  of  the  Census,  United  Stales  Abridged  Lije  Tables,  19S9.  Urban  and 
Rural,  by  Regions,  Color,  and  Sex,  p.  5,  June  1943. 

<  Wolfenden,HughH.,PopKta!on  Statistics  and  Their  Compilation  {Actuarial  Stvdies, 
No.  S),  p.  27,  Actuarial  Society  of  America,  New  York.  1925 
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with  some  overstatement  in  advanced  years."  Errors 
of  this  sort  are  not  easy  to  detect,  especially  if  the  same 
type  of  error  occurs  in  both  population  and  death  sta- 
tistics. Only  in  one  instance,  in.  which  the  effect  was 
particularly  noticeable,  has  any  adjustment  been  made 
for  such  errors  in  the  construction  of  the  life  tables  in 
this  volume.    This  point  is  fully  discussed  in  part  V. 

Errors  in  the  reporting  of  race  probably  are  relatively 
infrequent,  except  in  the  case  of  persons  of  mixed 
white  and  Indian  blood.  There  is  no  general  agree- 
ment as  to  what  proportion  of  Indian  blood  entitles 
one  to  be  called  an  Indian,  and  it  is  likely  that  the  infor- 
mation furnished  on  death  certificates  may  often  fail 
to  be  consistent  in  this  respect  with  the  definition 
adopted  in  the  population  census.  Any  error  arising 
from  this  source  could  scarcely  be  of  sufficient  magni- 
tude to  have  any  appreciable  influence  on  mortality 
rates  for  the  white  population,  but  could  easily  have  a 
disturbing  effect  on  those  for  "other  races."  It  is  be- 
lieved that  any  errors  in  the  reporting  of  sex  would  not 
be  sufficiently  numerous  to  seriously  affect  any  of  the 
life  tables. 

In  addition  to  errors  resulting  from  actual  inaccuracies 
in  the  data,  there  are  errors  due  to  chance  fluctuation 
in  the  number  of  deaths:  that  is,  what  is  known  as 
sampling  error.  This  is  of  importance  only  in  fairly 
small  classes,  in  which  a  small  variation  in  the  absolute 
number  of  deaths  in  a  given  age  group  may  make  a 
considerable  difference  in  the  rate  of  mortality.  Table 
A,  showing  the  total  enumerated  population  and  the 
total  deaths  in  the  3-year  period  in  each  of  the  six  sub- 
divisions of  the  population  for  which  separate  life 
tables  were  prepared,  indicates  the  size  of  the  exposure 
underlying  each  life  table.  Sampling  errors  tend  to  be 
largely  corrected  by  the  graduation  process,  in  which 
the  mortality  rates  in  each  age  group  are  adjusted  so 
as  to  bring  them  into  line  with  those  in  the  neighboring 
age  groups.  In  any  case,  it  is  believed  that  the  effect 
of  sampling  error  is  negligible  in  the  fife  tables  for  white 
persons,  and  of  minor  importance  in  those  for  Negroes, 
except  at  the  very  old  ages.  However,  it  may  have 
significantly  affected  the  results  for  "other  races."  5 

If  allowance  is  made  for  all  the  possible  sources  of 
error  discussed  above,  the  life  tables  for  whites  and 
Negroes  are  believed  to  be  sufficiently  accurate  and 
reliable  for  all  ordinary  purposes.  However,  those  for 
"other  races"  can  be  regarded  only  as  reasonable 
approximations.  For  reasons  explained  in  part  V,  this 
is  also  true  of  the  life  table  values  for  subdivisions  of 
the  first  year  of  life  in  all  the  tables.6 

In  connection  with  the  accuracy  of  the  tables,  it 
should  be  clearly  understood  that  the  values  cannot 
be  considered  reliable,  in  most  cases,  to  anything  like 
the  number  of  decimal  places  or  significant  figures 
shown  in  the  tables.     The  chief  purpose  of  retaining 


s  In  connection  with  the  distribntion  of  "other  races"  deaths  by  subdivisions  of  the 
first  year  of  life,  a  correction  vras  applied  for  sampling  error.    See  p.  109. 
»  See  p.  108. 


Table     A. — 1940     Exumerated     Populations,     axd     Total 
Deaths  Reported  ix  1939-1941,  by  Race  axd  Sex:  Uxited 

States 


BACE  AND  SEX 

1940 

population 

1939-1941 
deaths 

White: 

Male 

59, 448,  548 
58, 766, 322 

6,269,038 
6,596,480 

344.006 
244.  681 

2,048,620 
1,603,192 

Female     _  _._     ._ 

Negro: 

Male 

282,490 

Female  . ._     

246. 4P9 

Other  races: 

Male    

13,803 
8,211 

Female 

additional  figures  beyond  those  which  can  be  regarded 
as  dependable  is  to  secure  a  reasonable  degree  of  smooth- 
ness in  the  results.  This  is  always  desirable,  and  in 
many  of  the  uses  to  which  life  tables  are  put  excessive 
roughness  is  a  serious  inconvenience.  A  further  reason 
exists  in  the  case  of  the  actuarial  tables,  because  of  the 
mathematical  relationships  which  hold  between  different 
actuarial  functions,  such  as  the  values  of  life  annuities 
and  assurances.  The  actuary  wishing  to  make  use  of 
the  tables  is  inconvenienced  if,  because  of  excessive 
rounding,  these  relationships  do  not  hold  with  a  fair 
degree  of  precision. 

Comparisons  based  on  the  life  tables 

Variation  by  race  and  sex. — The  most  usual  measure 
of  the  comparative  longevity  of  different  populations 
is  the  average  duration  of  life,  also  called  the  expecta- 
tion of  life  at  birth.  This  is  the  average  number  of 
years  lived  by  the  members  of  a  specified  cohort,  or 
closed  group  of  persons,  assumed  to  be  subject  through- 
out life  to  the  life  table  rates  of  mortality.  A  compar- 
ison on  this  basis  is  given  in  table  B.  This  table  indi- 
cates that  females  live,  on  the  average,  longer  than 
males,  white  persons  longer  than  Negroes,  and  Negroes 
not  quite  so  long  as  those  of  "other  races."  There  is, 
however,  some  objection  to  the  use  of  the  average  dura- 
tion of  life  as  a  standard  of  comparison  because  the 
method  of  calculating  it  gives  great  weight  to  the  rela- 
tively large  number  of  deaths  occurring  in  the  first  year 
of  life.  This  influence  may  be  entirely  eliminated  by 
considering  instead  the  average  lifetime  remaining  to 
those  members  of  the  cohort  who  survive  to  age  1. 
This  comparison  is  presented  in  table  C,  which  shows, 
in  general,  about  the  same  relationships  as  table  B. 
However,  the  differences  between  the  corresponding 
values  for  Negroes  and  "other  races"  are  slightly 
increased  now  that  the  effect  of  the  high  infant  mortal- 
ity among  "other  races"  is  no  longer  reflected  in  the 
figures. 

Table  E. — Average  Duratiox  of  Life  ix  Years,  bt  Race 
axd  Sex:   Lxited  States,  1939-1941 


RACE 

Both  sexes 

Male 

Female 

All  raws 

63.62  ' 

61.60 

65.89 

White      

64.92 
53.85 

54.35 

62.81 
52.26 
53.56 

67.29 

Negro .  .      .  . .  __ 

Other  races _                     ..     

55.84 

INTRODUCTION 


Table  C. — Average  Future  Lifetime  in  Years  at  Age  1, 
by  Race  and  Sex:  United  States,  1939-1941 


EACE 

Both  sexes 

Male 

Female 

65.76 

64.00 

67.73 

White          -  ---  - 

66.84 
57.15 
58.90 

64.98 
55.93 
58.40 

68.93 

58.  46 

60.14 

Another  possible  standard  for  comparing  the  longev-  j 
ity  of  different  populations  is  provided  by  the  median  J 
length  of  life,  or  "probable  lifetime,"  which  is  the  age| 
at  which  exactly  half  the   original  members   of  the  \ 
cohort  have  died,  and  half  are  still  alive.     In  other 
words,  it  is  the  age  to  which  an  infant  born  alive  has 
just  an  even  chance  of  surviving.     The  values  of  the 
median  length  of  life  (shown  in  table  D)  are  greater  in 
every  case  than  those  of  the  average  length  of  life,7  the 
difference  ranging  from  3.81  years  in  the  case  of  Negro 
females  to  8.70  years  in  the  case  of  females  of  "other 
races."     The  use  of  the  probable  lifetime  as  a  measure 
of  longevity  results  in  a  somewhat  more  favorable 
showing  for  "other  races,"  as  compared  with  Negroes, 
than  when  the  average  duration  of  life  was  used.     In 
fact,  the  probable  lifetime  of  males  of  "other  races" 
slightly  exceeds  that  of  Negro  females.     The  reverse 
was  true  of  the  corresponding  average  durations  of  life. 

Table  D. — Median  Length  of  Life  in  Years,  by  Race  and 
Sex:  United  States,  1939-1941 


In  considering  the  mortality  and  longevity  of  the 
group  of  "other  races,"  it  should  be  kept  in  mind  that 
this  is  a  heterogeneous  class  made  up  of  elements 
which  differ  widely  both  in  the  general  level  of  mortality 
Sand  in  its  incidence  by  age.  The  racial  composition  of 
\  the  group  is  shown  in  table  G,  and  age-specific  death 
rates  for  the  principal  races  separately  appear  in  table 
H,  together  with  comparable  figures  for  whites  and 
Negroes. 


EACE 

Both  sexes 

Male 

Female 

All  races  .              .  ..  __ 

69.85 

67.68 

72.22 

White 

70.86 
57.86 
62.67 

68.67 
56.42 
61.89 

73.19 

Negro ...         .  .. 

59.37 

Other  races ... 

64.54 

_> 


Still  another  measure  of  comparative  longevity  is  the 
number  of  persons  surviving  to  stated  ages  in  a  cohort 
of,  say,  100,000  live  births.  Such  a  comparison  is> 
presented  in  table  E  for  survivors  to  age  21,  and  in  ( 
table  F  for  survivors  to  age  65.  These  ages  have  been\ 
chosen  as  representing,  respectively,  the  attainment  of 
manhood  or  womanhood,  and  the  retirement  age  pre- 
scribed by  the  Social  Security  Act.  Table  E  shows 
that  relatively  more  Negroes  reach  age  21  than  persons 
of  "other  races."  This  reflects  higher  rates  of  mortality 
in  the  "other  races"  group  over  almost  the  entire  age 
period  in  question.  However,  between  ages  21  and  65 
the  relationship  is  reversed,  and  the  proportion  sur- 
viving to  the  latter  age  is  greater  among  "other  races" 
than  among  Negroes. 

Table  E. — Survivors  to  Age  21  Out  of  100,000  Live  Births, 
by  Race  and  Sex:  United  States,  1939-1941 


EACE 

Both  sexes 

Male 

Female 

All  races 

92, 234 

91,392 

93  116 

White,. _ 

92, 951 
87, 367 
82, 853 

92,  098 
86, 494 
82, 412 

93, 848 
88,264 
83, 302 

Negro    

Other  races.  _ 

7  The  explanation  of  this  fact  and  a  discussion  of  the  relative  merits  of  different 
measures  of  longevity  are  given  on  p.  23. 


Table  F. — Survivors  to  Age  65  Out  of  100,000  Live  Births, 
by  Race  and  Sex:  United  States,  1939-1941 


EACE 

Both  sexes 

Male 

Female 

60, 366 

55,  776 

65,523 

White 

63,201 
37, 838 
46, 130 

58,305 
35, 371 
44,689 

68,701 

40,501 

49, 303 

Table  G. 


-Population  of  Other  Races,1  by  Specified  Race 
and  Sex:  United  States,  1940 


POPULATION 

PEECENT  BY  EACE 

Total 

Male 

Female 

Total 

Male 

Female 

Total  other  races 

588,887 

344, 006 

244, 881 

100.0 

100.0 

100.0 

Indian 

333, 969 
77,  504 

126, 947 

45,  563 

4,904 

171, 427 
57, 389 
71, 967 
39,723 
3,500 

162, 542 

20, 115 

54,  980 

5,840 

1,404 

56.7 
13.2 
21.6 
7.7 
0.8 

49.8 
16.7 
20.9 
11.6 
1.0 

66.4 

Chinese 

8.2 

22.4 

2.4 

All  other . 

0.6 

1  All  except  white  and  Negro 

Table  H. — -Death  Rates  Per  1,000  Enumerated  Population, 
by  Age,  Race,  and  Sex:  United  States,   1939-1941 


SEX  AND  AGE 

White 

Negro 

Indian 

Chinese 

Japanese 

Other 

MALE 
0^1 

13.2 

1.2 

1.1 

1.7 

2.3 

2.5 

8.1 

4.2 

6.1 

9.1 

13.7 

20.7 

30.0 

53.1 

135.0 

10.4 

.9. 

.7 

1.2 

1.6 

2.0 

2.4 

3.1 

4.3 

6.1 

9.0 

13.5 

20.7 

40.8 

120.8 

22.8 

1.6 

1.7 

3.7 

6.4 

7.8 

9.7 

11.4 

15.7 

20.8 

29.4 

36.1 

43.8 

54.5 

119.8 

18.1 

1.3 

1.5 

4.2 

5.8 

6.6 

8.2 

9.9 

14.0 

17.6 

25.7 

32.4 

40.0 

44.9 

96.5 

35.8 

3.3 

2.8 

5.7 

7.5 

6.6 

8.3 

8.2 

9.6 

13.0 

16.3 

24.1 

30.1 

48.4 

109.9 

32.1 
2.8 
3.0 
6.4 
9.5 
9.1 
8.4 
9.4 
9.6 
11.2 
16.0 
21.9 
28.0 
43.0 
103.7 

13,7 

i  1.0 

1.6 

3.5 

4.7 

5.0 

6.9 

9.5 

12.8 

17.1 

23.8 

38.3 

47.7 

80.2 

192.1 

13.7 

1.9 

1.5 

2.8 

3.6 

4.3 

2.5 

4.6 

5.6 

»     9.8 

15.1 

17.0 

28.2 

42.5 

93.8 

12.1 

1.1 

1.3 

1.8 

2.6 

2.9 

4.8 

4.5 

6.0 

9.4 

11.4 

17.6 

27.4 

45.7 

110.0 

9.4 

1.0 

.8 

1.5 

1.9 

3.3 

2.5 

3.3 

3.9 

6.7 

7.9 

13.9 

17.3 

37.0 

49.0 

12.7 

5-9. 

10-14 

1 1.6 

'2.1 

15-19. 

1  1.4 

20-24 

4.9 

25-29 

5.1 

30-34 

35-39 

4.7 
7.4 

40-44 

7.6 

45-49 

12.9 

50-54... 

55-59 

19.4 
27.5 

60-64 

65-74 

59.6 
92.2 

75  and  over    

FEMALE 

0-4 

103.7 

10.7 

5-9. 

3.0 

10-14 

'  1.4 

15-19 

12.7 

20-24 

1  4.5 

25-29 

1  2.5 

30-34 

35-39.. 

•5.5 
■  4.4 

40-44 

18.5 

45-49 

50-54 

23.2 
45.3 

55-59... 

57.5 

60-64 

142.9 

65-74. 

91.7 

75  and  over 

■388.9 

1  Rate  based  on  less  than  10  deaths. 

A  more  detailed  comparison  of  life  table  values  by 
race  and  sex  is  offered  by  figures  1  to  6,  in  which  are 
plotted  graphically  the  values  at  all  ages  of  the  rate 
of  mortality,  the  number  of  survivors  out  of  100,000 
live  births,  and  the  average  future  lifetime  for  each  of 
the    12   life   tables.     These   graphs   bring  out   certain 
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relationships  which  may,  at  first  sight,  appear  some- 
what surprising.  For  example,  figure  2  shows  that  the 
mortality  rates  for  total  females  are  lower  than  those 
for  total  whites  at  aU  ages  above  42,  notwithstanding 
the  fact  that  Negro  females  show  a  much  higher  mor- 
tality than  white  males  during  a  large  part  of  this  age 
interval.  This  seeming  inconsistency  is  due  to  the 
fact  that  Negro  and  "other  races"  females  form  a 
much  smaller  group  than  white  males,  so  that  com- 
bining them  with  white  females  produces  less  change 
in  the  mortahty  rate  of  the  entire  group  (as  compared 
with  that  for  white  females  before  the  addition)  than 
if  the  white  males  had  been  added. 

Because  mortahty  rates  for  females  are  so  consistently 
lower,  age  by  age,  than  the  corresponding  rates  for 
males,  particular  interest  attaches  to  the  few  instances 
in  which  exceptions  to  this  general  rule  occur.  The 
exceptions  are  found  among  Negroes  at  ages  14  to  19, 
inclusive,  and  among  "other  races"  at  ages  12  to  34. 
In  the  case  of  Negroes,  further  analysis  by  particular 
causes  of  death  shows  that  the  phenomenon  is  primarily 
due  to  the  effect  of  higher  mortality  from  tuberculosis 
among  females  at  younger  ages.  Deaths  from  puer- 
peral causes  appear  to  be  a  negligible  factor  at  the  ages 
in  question.  In  the  case  of  "other  races,"  examina- 
tion of  data  showing  a  more  detailed  racial  classification 
makes  it  clear  that  the  Indians  are  almost  entirely 
responsible  for  the  higher  female  mortahty,  as  the 
Chinese  show  heavier  mortality  for  males  in  all  age 
groups  and  the  Japanese  show  a  very  slightly  higher 
mortality  among  females  in  the  late  twenties  only. 
In  1940,  Indians  constituted  66.4  percent  of  the  total 
female  population  excluding  whites  and  Negroes,  as 
indicated  in  table  G.  Here  again,  an  excess  of  deaths 
from  tuberculosis  among  females  is  the  chief  factor 
involved,  but  in  this  case  deaths  from  puerperal  causes 
exert  a  significant,  although  secondary  influence. 

The  rates  of  mortality  for  "other  races"  show  a  further 
peculiarity  in  that  they  decrease  with  increasing  age  at 
ages  24  to  26  for  males  and  at  ages  29  to  36  for  females. 
Both  of  the  peculiarities  mentioned — the  higher  mor- 
tality of  females  at  certain  ages,  and  interruptions  in 
the  steady  increase  of  the  mortahty  rate — are  usually 
prominent  features  of  life  tables  for  depressed  countries 
where  the  general  level  of  mortahty  is  high,  such  as 
British  India,  Japan,  and  Bulgaria,  and  they  are  com- 
monly associated  with  a  high  tuberculosis  death  rate, 
combined  perhaps  with  a  higher  mortality  frompuerperal 
.  causes.  It  is  curious  to  observe,  however,  that  both 
peculiarities  have  been  consistently  noted  in  the  life 
tables  of  Canada,  a  relatively  prosperous  country 
having  a  level  of  mortahty  lower,  in  general,  than  that 
of  the  United  States.  For  example,  in  the  Canadian 
life  table  for  1930-1932  the  mortahty  rate  of  females 
exceeds  that  of  males  at  ages  23  to  42,  and  the  mortahty 
rate  of  males  decreases  with  advancing  age  at  ages  24 
to  26.  Analysis  of  deaths  by  cause  indicates  that  the 
higher  mortality  of  Canadian  females  at  certain  ages 


has  been  primarily  flue,  as  in  other  countries  whore  this 
occurs,  to  deaths  from  tuberculosis.  While  the  over-all 
death  rate  for  tuberculosis  was,  in  the  period  under 
consideration,  only  slightly  higher  in  Canada  than  in 
the  United  States,  the  deaths  from  this  cause  in  Canada 
are  found  to  be  more  heavily  concentrated  among 
females  and  at  the  younger  ages. 

Comparison  v/dh  earlier  United  States  life  tables. — 
Table  J  presents  a  comparison  of  values  based  on  the 
life  tables  in  this  volume  with  those  of  earlier  United 
States  life  tables.  In  addition,  rates  of  mortality  for 
white  males  and  white  females  are  plotted  in  figures  7 
and  8  for  five  life  tables  covering  the  period  1900  to 
1941.  Although  the  life  tables  for  periods  prior  to 
1930  do  not  cover  the  entire  United  States,  any  possible 
geographic  variation  in  the  mortality  of  white  persons 
could  account  for  only  a  small  part  of  the  spectacular 
improvement  which  the  comparison  shows.  In  the  40 
years  between  1900  and  1940  the  average  duration  of 
fife  increased  by  more  than  14  years  for  white  males  and 
more  than  16  years  for  white  females.  The  proportion 
of  persons  surviving  to  age  65  has  increased  bv  one- 
half,  and  the  rate  of  infant  mortality  has  declined  to 
little  more  than  one-third  of  its  value  in  1900.  Similar 
improvement  is  shown  throughout  childhood  and  young 
adulthood  and,  to  a  lesser  degree,  in  middle  age.  The 
mortahty  rate  at  age  40  has  diminished  to  less  than 
half  its  former  value.  At  older  ages  the  improvement 
becomes  in  proportion  progressively  less,  but  the  recent 
figures  are  slightly  lower  even  at  the  oldest  ages  shown. 
The  improvement  is  more  marked  in  the  case  of  females, 
and  remains  substantial  in  amount  to  a  later  age 
than  for  males. 

In  the  case  of  Negroes,  only  the  1929-1931  and  1939- 
1941  life  table  values  are  shown,  since  the  life  tables 
for  Negroes  show  a  considerable  geographic  variation 
(perhaps  due  as  much  to  geographic  differences  in  the 
completeness  of  registration  of  Negro  deaths  as  to 
actual  differences  in  mortality)  which  makes  it  inad- 
visable to  present  any  comparisons  not  involving 
identical  areas.  However,  even  in  the  10-year  period 
between  1930  and  1940,  the  improvement  is  striking, 
the  average  duration  of  fife  of  Negroes  having  risen 
during  the  decade  nearly  5  years  for  males  and  more 
than  6  years  for  females. 

Figure  7  calls  attention  to  one  rather  curious  feature 
which  calls  for  special  comment.  This  is  the  low  level 
of  mortality  above  age  45  in  the  life  table  for  white 
males  in  1919-1921  in  the  death-registration  States  of 
1920.  From  age  52  to  69,  the  rates  of  mortality  in 
this  life  table  are  actually  lower  than  those  of  the 
1939-1941  table  for  white  males  in  the  United  States. 
The  years  1919  to  1921,  coming  immediately  after  the 
influenza  epidemic  of  1918,  were  years  of  unusually 
low  mortality,  probably  because  many  persons  who, 
under  ordinary  circumstances,  would  have  died  in  these 
3  years  actually  died  in  1918.  These  conditions,  of 
course,  affected  both  sexes  and  a  much  broader  range 
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Table  J. — Life  Table  Values  fob  Selected  Specific  Ages,  bt  Sex:  Death-Registration  States  of  1900  and  1920,  and  thi 

United  States,  at  10- Year  Intervals,  1900-1941 
[The  abbreviation  D.  R.  S.  stands  for  death-registration  States] 


WHITE 

Annual  rate  of  mortality  per  1,000  (l,000g*) 

Number  of  survivors  out  of  100,000  live  births  (fc) 

1939-1941 
(U.  S.) 

1929-1931 

(TJ.  S.) 

1919-1921 
(D.  R.  S. 
of  1920) 

1909-1911 
(D.  R.  S. 

of  1900) 

1900-1902 
(D.  R.  S. 
of  1900) 

1939-1941 

(U.  S.) 

1929-1931 

(U.  S.) 

1919-1921 
(D.  R.  S. 
of  1920) 

1909-1911 
(D.  R.  S. 
of  1900) 

1900-1902 
(D.  R.  S. 
of  1900) 

MALE 

48.12 
4.87 
1.38 
1.00 
1.43 

2.12 

2.43 
2.79 
3.63 
5.13 

7.66 
11.55 
17.37 

25.48 
36.85 

54.54 

83.13 

124.71 

181.04 

248.94 

37.89 

4.32 

1.10 

.70 

.96 

1.45 
1.82 
2.20 
2.78 
3.68 

5.23 

7.62 
11.28 
17.14 
26.43 

42.33 

68.89 
108. 19 
162.94 
231.41 

62.32 
9.93 
2.66 
1.47 
2.13 

3.18 
3.71 
4.13 
5.10 
6.79 

9.29 

12.78 
18.19 
26.44 
38.65 

57.96 

85.26 
129.97 
184.68 
245.50 

49.63 
8.79 
2.20 
1.13 
1.64 

2.77 
3.39 
3.74 
4.33 
5.32 

7.02 

9.59 
13.75 
20.63 
31.25 

48.66 

74.60 

117. 42 

170. 86 

231.51 

80.25 

16.19 

3.95 

2.11 

2.91 

4.27 

5.04 
5.73 
6.69 
7.50 

9.26 
11.74 
16.53 
24.62 
34.99 

54.63 

81.91 
119.73 
182.  32 
238.19 

63.92 
14.59 
3.49 
1.79 
2.49 

4.33 

5.52 
6.03 
6.42 
6.76 

8.14 

10.67 
14.63 
21.73 
31.68 

50.23 

75.97 

113.41 

170.44 

230.61 

123.26 

28.21 

4.71 

2.38 

2.83 

4.89 

5.54 
6.60 
8.52 
10.22 

12.64 
15.53 
21.50 
30.75 
43.79 

62.14 

92.53 
135.75 
191.11 
255. 17 

102. 26 

25.83 

4.47 

2.06 

2.65 

4.20 
5.22 
6.03 
7.13 
8.03 

9.91 

12.59 
17.93 
25.83 
37.86 

56.63 
82.52 

125.79 
178.32 
247.59 

133.  45 

34.47 

6.06 

2.74 

3.34 

5.94 
7.04 
7.99 
9.32 
10.60 

12.63 

15.37 
21.18 
28.59 
41.66 

58.94 
88.43 
133. 53 
191.76 
262. 78 

110. 61 

31.15 

5.89 

2.46 

3.39 

5.54 
6.79 
7.72 
8.39 
9.31 

10.63 
13.37 
18.69 
25.06 
36.41 

53.69 

80.39 

121.15 

174.60 

245.  32 

100,000 
95,188 
94,150 
93,601 
93, 089 

92, 293 
91,241 
90,092 
88,713 
86,880 

84,285 

80,  521 
75,156 
67, 787 
58,305 

46,  739 

33,404 

19,  860 

9,013 

2,812 

100, 000 
96, 211 
95, 309 
94,890 
94,534 

93,984 
93, 228 
92, 320 
91,211 
89, 805 

87, 920 
85, 267 

81,  520 
76, 200 
68,701 

58,363 
44,685 
28,882 
14, 487 
5,061 

100,  000 
93,768 
91,738 
90,810 
90,074 

88,904 
87, 371 
85, 707 
83,812 
81, 457 

78,  345 
74,288 
68,981 
61,933 
52,964 

41,880 

29,471 

17, 221 

7,572 

2,356 

100,000 
95. 037 
93,216 
92, 466 
91,894 

90,939 
89,524 
87, 972 
86,248 
84,256 

81,780 
78,  572 
74, 321 
68,462 
60, 499 

49, 932 
37,  024 
23,053 
10,  937 
3,719 

100,000 
91,975 
88,842 
87,530 
86,546 

84,997 
83,061 
80,888 
78,441 
75, 733 

72, 696 
69, 107 
64,574 
58, 498 
50,663 

40,873 

29, 205 

17,  655 

8,154 

2,568 

100.000 
93,608 
90,721 
89,564 
88,  712 

87, 281 
85, 163 
82,  740 
80,  206 
77,624 

74, 871 
71,547 
67,323 
61,704 
54,299 

44.638 
32, 777 
20,492 
9,909 
3,372 

100,000 
87, 674 
82, 972 
81,  519 
80,549 

79,116 
77,047 
74,  810 
72, 108 
68,848 

65,115 
60,741 
55,622 
48, 987 
40, 862 

31,527 

21,585 

12,160 

5,145 

1,523 

100, 000 
89, 774 
85,349 
83,979 
83, 093 

81,750 
79,865 
77, 676 
75,200 
72,425 

69, 341 
65,629 
61,053 
54,900 
47,086 

37, 482 
26, 569 
15,929 
7,152 
2,291 

100,000 

86,655 

80,864 

10                             -  --     —  -- 

79,109 

15                                      _  

78, 037 

76, 376 

25                                      _-_     

73,907 

30                              " 

71,219 

35                                . 

68,245 

40                       

64,954 

45                              

61,369 

50                                         

57,274 

55                             

52, 491 

60                                  

46,  452 

65                                           

39,245 

70 -  -  

30,640 

75                                    .  ..- 

21,387 

80                                         

12, 266 

85                            --_ 

5,252 

90                                    • 

1,523 

FEMALE 

0 

100,000 

1  .             

88,939 

5                      

83,426 

10                                  

81,723 

15           - 

80,680 

20 

78, 978 

25 

76,588 

30                           

73,887 

35                                  -' 

70, 971 

40 

67, 935 

45     -                      -  - 

64,677 

50                                    - 

61,005 

55 

56,509 

60--.                       

50,752 

65 

43,806 

70                   „     

35,206 

75 

25,362 

80 

15,349 

85 ?. 

7,149 

90 

2,322 

0— 

1— 

5— 
10- 

15- 

20- 
25- 
30- 
35- 
40- 

45- 

50- 
55- 
60- 
65- 

70- 
75- 
80- 
S5_. 
90.. 

0... 
1— 
5... 
10.. 
15.. 

20.. 
25_. 
30. 
35. 
40.. 

45.. 
50. 
55.. 
60. 
65. 

70. 

75. 

80.. 
85. 
90. 


SEX  AND  AGE 


Average  future  lifetime  in  years  (|x) 


1939-1941 
(TJ.  S.) 


1929-1931 
(U.  S.) 


G2.  81 
64.98 
61.68 
57.  as 
52.33 

47.  76 
43.28 
38.80 
34.36 
30.03 

25.87 
21.96 
18.34 
15.05 
12.07 

9.42 

7.17 
5.38 
4.02 
3.06 

67.29 
68.93 
65.57 
60.85 
56.07 

51.38 
46.78 
42.21 
37.70 
33.25 

28.90 
24.72 
20. 73 
17.00 
13.56 

10.50 
7.92 
5.88 
4.34 
3.24 


59.12 
62.04 
59.38 
54.96 
50.39 

46.02 
41.78 
37.54 
33.33 
29.32 

25.28 
21.51 
17.97 
14.72 
11.77 

9.20 
7.02 
5.26 
3.99 
3.03 

62.67 
64.93 
62.17 
57.65 
53.00 
48.52 
44.25 
39.99 
35.73 
31.52 

27.39 
23.41 
19.60 
16.05 
12.81 

9.98 
7.56 
5.63 
4.24 
3.17 


1919-1921 
(D.  R.'S. 

of  1920) 


56.34 
60.24 
58.31 
54.15 
49.74 

45.60 
41.60 
37.65 
33.74 
29.86 

26.00 
22.22 
18.59 
15.25 
12.21 

9.51 
7.30 
5.47 
4.06 
3.18 

58.53 
61.51 
59.43 
55.17 
50.67 

46.46 
42.55 
38.72 
34.86 
30.94 

26.98 
23.12 
19.40 
15.93 
12.75 

9.94 
7.62 
5.70 
4.24 
3.16 


1909-1911 
(D.  R.  S. 
of  1900) 


50.23 
56.26 
55.37 
51.32 
46.91 

42.71 

38.79 
34.87 
31.08 
27.43 

23.86 
20.39 
17.03 
13.98 
11.25 

8.83 

6.75 
5.09 
3.88 
2.99 

53.62 
58.69 
57.67 
53.57 
49.12 

44.88 
40.88 
36.96 
33.09 
29.26 

25.45 
21.74 
18.18 
14.92 
11.97 

9.38 
7.20 
5.35 
4.06 
3.00 


1900-1902 
(D.  R.  S. 

of  1900) 


48.23 
54.61 
54.43 
50.59 
46.25 

42.19 
38.52 
34.88 
31.29 
27.74 

24.21 
20.76 
17.42 
14.35 
11.51 

9.03 

6.84 
5.10 
3.81 
2.85 

51.08 
56.39 
56.03 
52.15 
47.79 

43.77 
40.05 
36.42 
32.82 
29.17 

25.51 
21.  S9 
18.43 
15.23 
12.23 

9.59 
7.33 
5.50 
4.10 
3.02 


NEGRO 


Annual  rate  of  mor- 
tality per  1,000  (1,000 
9*) 


1939-1941 
(TJ.  S.) 


82.28 
9.37 
1.86 
1.38 
2.74 

5.44 
7.33 
8.72 
10.71 
13.62 

18.59 
25.36 
32.48 
39.10 
46.85 

57.99 

78.03 
107.  30 
137.83 
174. 17 

65.  84 
7.96 
1.75 
1.04 
3.07 

5.32 
6.27 
7.33 
9.24 
11.81 
16.02 
21.87 
28.58 
34.72 
40.90 

49.12 
62.94 
SI.  27 
105.29 
141.32 


1929-1931 

(TJ.  S.) 


87.32 

16.57 

2.95 

2.11 

4.33 

8.58 
10.96 
12.75 
14.84 
18.13 

22.40 
27.50 
33.92 
41.40 
50.72 

70.18 
92.82 
129.91 
177. 61 
220. 32 

72.04 

14.37 

2.84 

1.61 

5.12 

8.82 
10.34 
11.59 
13.22 
16.25 

20.  IS 
26.65 
34.99 
42.20 
49.35 

61.74 

73.41 
97.84 
128.34 
172.  03 


Number  of  survivors 
out  of  100,000  live 
births  (Is) 


1939-1941 
(U.  S.) 


100,000 
91, 772 
90, 082 
89,  393 
88,610 

86,968 
84,227 
80. 979 
77, 221 
72,  7S0 

67, 346 
60, 495 
52,426 
43, 833 
35, 371 

27,236 
19,  456 
12, 186 
6,444 
2,836 

100,000 
93,416 
91, 906 
91.308 
90, 594 

88,736 
86. 198 
83, 3S4 
80, 092 
76, 0S4 
71.157 
64,885 
57,  314 
48,928 
40,504 

32,354 
24, 502 
17, 039 
10. 022 
5.652 


1929-1931 
(TJ.  S.) 


100, 000 
91,268 
88,412 
87, 311 
86, 152 

83, 621 
79, 516 
75,083 
70, 049 
64, 710 

58,432 
51, 748 
44,436 
36.790 
29,314 

21,741 
14,  419 
8.239 
3,660 
1,246 

100,000 
92.796 
90, 1S5 
89, 201 
88,088 

85, 078 
81,067 
76,  816 
72, 192 
67,271 

61, 365 
54.920 
47.  074 
38,  761 
30,852 

23,341 
16, 576 
10,822 
6,033 
2,774 


Average  future  lifetime 
in  years  ($x) 


1939-1941 
(TJ.  S.) 


52.26 
55.93 
52.  95 
48.34 
43.74 

39.52 
35.72 
32.05 
28. 4S 
25.06 

21. 8S 
19.06 
16.60 
14.37 
12.21 

10.11 
8.17 
6.5S 
5.34 
4.23 

55.56 
5S.46 
55.40 
50.75 
46.13 

42.  04 
38.20 
34.40 
30.71 
27.19 

23.89 
20.95 
18.38 
16.10 
13.93 

11.  S2 
9.81 

8.02 
6.41 
4.96 


1929-1931 
(TJ.  S.) 


47.55 
51.08 
48.69 
44.27 
39.83 

35.95 
32.67 
29.45 
26.39 
23.36 

20.59 
17.92 
15.46 
13.15 
10.87 

8.78 
6.99 
5.42 
4.30 
3.42 

49.51 
52.33 
49.81 
45.33 
40.  S7 

37.22 
33.93 
30.67 
27.47 
24.30 

21.39 
18.60 
16.  27 

14.22 
12.24 

10.38 
•  - 
6.90 
6.48 

4.20 
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of  ages  than  that  indicated  above.  However,  among 
males  at  younger  ages  and  among  females  at  most  ages, 
there  has  been  a  steady  improvement  in  mortality 
since  1921,  so  that  the  low  mark  set  in  the  post-epi- 
demic years  has  since  been  surpassed.  However,  in 
the  case  of  males  above  age  55  there  has  been  only  a 
slight  decline  in  the  mortality  rate  during  the  last  20 
years,  so  that  the  low  level  of  1919-1921  has  not  yet 
been  equaled. 

Comparison  with  recent  life  tables  jor  other  countries. — 
In  tables  K,  L,  and  M,  life  table  values  for  the  United 
States  in  1929-1931  and  1939-1941  are  compared  with 
the  corresponding  values  for  a  number  of  other  countries. 
The  selection  of  these  countries  has  been  influenced, 
to  a  considerable  extent,  by  the  availability  of  reliable 
life  tables  covering  recent  periods.  (Only  those  for 
periods  ending  in  or  after  1930  have  been  used.)  It  is 
natural,  therefore,  that  the  majority  of  the  countries 
selected  are  European.  Figures  9  and  10  exhibit 
graphically  the  number  of  survivors  to  successive  ages 
for  white  males  and  white  females  in  the  United  States 
in  1929-1931  and  1939-1941,  in  comparison  with  sim- 
ilar curves  for  England  and  Wales,  British  India,  Italy, 
Japan,  Mexico,  and  New  Zealand.  These  six  countries 
were  selected  mainly  in  order  to  secure  a  wide  range  in 
the  general  levels  of  mortality  represented.  New 
Zealand  and  British  India,  in  particular,  have  long  been 
regarded  as  representing,  respectively,  the  lowest  and 
the  highest  general  level  of  mortality  among  those 
countries  for  which  reliable  life  tables  are  available. 
Values  for  the  United  States  death-registration  States 
of  1900  in  1900-1902  have  also  been  plotted,  so  that  the 
amount  of  improvement  over  the  40-year  period  can  be 
compared  with  the  variation  in  present  conditions  as 
between  different  parts  of  the  world.  These  charts 
show  that  survival  rates  in  Mexico  and  British  India 
were  still  in  1930  far  below  the  level  which  characterized 
the  United  States  in  1900,  and  those  of  Japan  had  not 
quite  reached  that  level.  The  English  life  tables  of 
1930-1932  exhibit  lower  survival  rates  up  to  about  age 
45  than  the  United  States  tables  covering  approximately 
the  same  period.  However,  at  subsequent  ages  the 
cumulative  effect  of  the  lower  adult  mortality  of  Eng- 
land and  Wales  (which  began  at  age  20)  results  in  a 
larger  number  of  survivors  than  in  the  United' States. 


Ten  years  later,  in  1939-1941,  the  United  States  had 
not  attained  the  low  mortality  found  in  New  Zealand 
about  4  years  earlier.  This  indicates  the  possibility  of 
still  further  improvement;  and  the  1934-1938  life  table 
for  New  Zealand  is  by  no  means  to  be  regarded  as  re- 
flecting the  ultimate  low  level  of  mortality  which  is 
never  to  be  smpassed. 

All  the  values  employed  in  the  preparation  of  tables 
K,  L,  and  M  and  figures  9  and  10  have  been  obtained 
from  official  government  life  tables  except  those  for 
Austria  and  Mexico  and  some  of  the  values  for  Canada. 
The  Austrian  life  table  was  published  by  an  association 
of  insurance  companies,  while  the  Mexican  table  ap- 
peared in  a  signed  article  in  a  journal  published  by  the 
Department  of  Public  Health.  The  official  Canadian 
life  table  commences  not  at  birth  but  at  age  5,  so  that 
the  numbers  of  survivors  in  the  life  table  cohort  are  not 
comparable  with  similar  figures  for  other  countries. 
Accordingly,  all  these  values,  as  well  as  the  values  of 
the  rate  of  mortality  and  the  average  future  lifetime  at 
ages  0  and  1,  have  been  taken  from  an  unofficial  life 
table  8  covering  the  same  period  of  years.  For  four 
countries,  it  was  not  possible  to  secure  the  original 
publications,  and  the  figures  were  obtained  from  second- 
ary sources.  In  the  case  of  Denmark  and  Sweden,  the 
available  sources  were  official  yearbooks,  while  the 
figures  for  Austria  and  Czechoslovakia  were  obtained 
from  a  German  Government  publication. 

The  Mexican  life  table  was  not  graduated,  8nd  the 
rates  of  mortality  were  generally  overstated  at  the  ages 
which  are  multiples  of  5  (these  being  the  ages  for  which 
values  are  shown  in  table  K),  because  of  a  decided 
preference  for  such  ages  in  the  reporting  of  ages  at 
death.  For  this  reason,  it  would  have  been  unfair  to 
Mexico  to  use  the  published  mortality  rates  in  the 
comparison.  Accordingly,  the  values  shown  in  table  K 
have  been  corrected  for  this  error.9 


8  See  list  of  sources  of  foreign  life  table  values  on  p.  20. 

•  The  correction  was  made  by  referring  to  a  graduated  life  table  for  Mexico,  that  of 
J.  B.  Solorzano  as  adjusted  by  Giorgio  Mortara  (published  in  Estadistica,  Journal  of 
the  Inter  American  Statistical  Institute,  vol.  II,  No.  5,  pp.  78-SO,  March  1944).  For 
each  age  x  (except  ages  0,  1,  5,  and  10)  for  which  the  mortality  rate  is  shown  in  table 
K,  a  corrected  value  of  the  number  of  deaths  at  age  x  in  the  life  table  cohort  was 
obtained  by  accepting  as  correct  the  total  number  of  deaths  at  ages  x  to  x+i,  and 
assuming  the  number  of  deaths  at  age  x  to  be  the  same  fraction  of  the  total  deaths  at 
ages  z  to  i+4  as  in  the  Solorzano-Mortara  table.  The  latter  table  is  for  both  sexes 
combined  and  covers  the  period  1929-1933. 
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Table  K. — Annual  Rate  of  Mortality  Pee  1,000,  From  Eecent  Life  Tables  for  Selected  Countries,  by  Sex  for  Selected 

Specific  Ages 


SEX  AND  AGE 


0... 

1- 

5... 

10. 
15. 

20.. 
25_. 
30.. 
35. 
40. 

45.. 
50.. 
55.. 
60.. 
65.. 

70.. 

75. . 
80. . 
85.. 
90.. 


0.. 

1... 
5.. 
10. 
15. 

20. 
25. 
30. 
35. 
40. 

45. 

50., 
55. 
60. 
65. 

70. , 
75. 
80.. 
85.. 
90.. 


Australia, 
1932-1934 


45.43 
7.75 
1.84 
1.19 
1.49 

2.19 
2.49 
2.71 
3.46 
4.60 

6.59 

9.66 

14.93 

22.16 

33.11 

50.82 

78.08 

126.  59 

188. 64 

249. 86 


36.42 
6.45 
1.58 
.87 
1.13 

1.83 
2.43 
2.79 
3.41 
4.02 

5.23 

7.44 

10.19 

14.66 

23.65 

38.02 

62.29 

101.06 

158.  37 

233.  91 


Austria, 
1930-1933 


115.40 
14.00 
3.41 
1.86 
2.03 

3.74 
4.26 
4.38 
5.62 
7.03 

9.51 
12.99 
18.93 
26.72 
40.77 

60.33 

95.56 

147.  73 

222.  52 

312.  73 


92.45 
13.07 
3.43 
1.75 
1.94 

3.26 

3.62 
3.96 
4.42 
5.14 

7.06 

9:40 
13.15 
19.91 
32.39 

51.22 

85.  97 

131.56 

202. 12 

279.  42 


Belgium, 
1928-1932 


100.  75 
17.11 
3.12 
1.54 
2.30 

4.34 

3.98 
4.44 
5.19 
6.40 

8.35 

11.51 
16.59 
24.77 
37.87 

58.71 

91.52 

142.  20 

218.  41 

327.  51 


78.55 
14.78 
2.68 
1.50 
2.40 

3.79 
3.81 
4.06 
4.48 
5.22 

6.49 

8.69 
12.42 
18.81 
29.69 

48.12 

78.97 

129. 67 

210.  38 

332. 04 


British 

India, 

1921-1930 


248.7 
91.8 
19.3 
7.9 
9.8 

12.7 
15.3 
19.3 
24.1 
29.4 

34.9 
41.0 
48.1 
57.9 
72.7 

97.6 

142.7 
218.0 
360.8 
577.0 


232.3 

86.5 

16.5 

8.1 

11.5 

17.6 
21.6 
25.1 
29.3 
34.5 

39.0 
43.1 
47.5 
54.3 


130.1 
206.6 
347.6 
566.7 


Canada, 
1930-1932 


99.97 
12.82 
2.62 
1.60 
2.07 

3.08 
3.40 
3.41 
3.98 
4.94 

6.30 

9.03 

13. 29 

19.38 

29.75 

46.34 

74.03 

115.27 

171.  67 

247. 11 


83.58 
13.79 
2.32 
1.40 
1.95 

2.95 
3.67 
3.98 
4.48 
5.12 

6.15 

8.04 

11.62 

17.14 

26. 03 

40.57 

67.35 

107.  69 

160. 86 

228.  60 


Czecho- 
slovakia, 
1929-1932 


148.  69 
19.32 
3.80 
1.99 
2.39 

4.29 
4.55 
4.64 
5.52 
7.07 

9.23 

12.85 


Denmark, 
1931-1935 


17.97 
25.79 

38.96 

59.74 

93.93 

143.  87 

212. 11 

289.  36 

124.  57 

18.57 

3.76 

2.10 

2.50 

3.85 

4.37 

4.48 

5.02 

5.69 

6.89 

9.50 

13.49 

20.51 

33.08 

54.  30 

84.42 

131.  28 

192.  59 

263.  29 

81.47 
9.01 
1.34 
1.13 

1.47 

2.56 

2.66 
2.68 
3.24 
4.01 

5.84 
8.32 
12.44 
18.66 
30.97 

48.25 

78.37 

121.81 

189.  55 

284.  52 


63.08 

7.18 

1.32 

.78 

1.23 

2.24 

2.78 

3.05 

3.56 

4.56 

5.74 

7.82 

11.82 

17.59 

27.70 

44.22 

75.87 

119.78 

187.  34 

255.  64 


England 

and  Wales, 

1930-1932 


71.86 
15.30 
3.43 
1.46 
1.97 

3.16 
3.30 
3.40 
4.21 
5.62 

7.99 
11.28 
16.14 
24.15 
37.91 

60.35 

95.19 

145.  00 

210. 48 

286.14 


54.55 
13.45 
2.98 
1.34 
1.91 
2.68 
2.98 
3.19 
3.64 
4.40 

5.84 

8.16 

11.74 

17.70 

27.55 

44.51 

74.14 

118. 58 

179. 42 

250.  61 


France, 
1928-1933 


90.18 
16.90 
2.85 
1.63 
2.49 

5.18 
5.23 
5.88 
7.07 
8.90 

11.64 
15.33 
20.71 
29.18 
42.33 

64.28 
101.  60 
152.  56 
234.  42 
303.  40 


71.62 
15.13 
2.79 
1.60 
3.04 

4.82 
5.00 
4.78 
5.14 
6.08 

7.50 

9.77 

13.38 

19.26 

29.86 

48.13 

78.75 

127.  93 

200. 02 

284. 63 


Germany, 
1932-1934 


85.  35 
9.26 
2.32 
1.33 
1.57 

2.83 

2.97 
3.24 
3.94 
4.82 

6.58 
9.39 
14.18 
21.72 
34.04 

54.01 

87.40 

136. 68 

207.  69 

287.  73 


68.39 
8.23 
2.15 
1.14 
1.30 

2.27 
2.70 
3.01 
3.48 
4.22 

5.46 

7.91 

11.53 

17.46 

28.53 

47.61 

80.33 

126.  51 

193.  66 

273. 64 


Italy. 
1930-1932 


115.32 
38.97 
3.65 
1.99 
2.38 

4.14 
4.27 
4.66 
5.30 
6.36 

7.94 
10.63 
14.68 
21.92 
33.19 

53.23 

87.79 
137.  99 
206.64 
290.  32 


102.  25 

39.05 

3.66 

1.79 

2.64 

3.88 
4.46 
4.39 
4.81 
5.43 

6.20 
8.20 
11.36 
17.47 
28.40 

46.53 
79.61 
127.  02 
191.19 
267.  86 


Japan, 
1926-1930 

Mexico, 
1930 

New  Zea- 
land, 
1934-1938 

Scotland, 
1930-1932 

Sweden, 
1931-1935 

Switzer- 
land, 
1933-1937 

UNION  OF  SOUTH  AFRICA 

UNITED  STATES 

SEX  AND  AGE 

Whites, 
1935-1937 

Nonwhites, 
1935-1937 

Whites, 
1939-1941 

Whites, 
1929-1931 

Neerces, 
1939-1941 

MALE 
0 _ 

140. 10 

43.12 

6.44 

2.63 

5.02 

9.82 
8.61 
7.39 
7.70 
9.58 

12.69 
17.50 
24.95 
36.71 
54.86 

80.35 
117.  53 
170.  20 
243.20 
341.41 

124.14 
42.10 
7.09 
3.00 
7.32 

10.59 
9.64 
8.94 
9.26 

10.05 

10.17 
12.62 
16.86 
24.16 
37.08 

57.67 
88.92 
138.  54 
213.72 
322.  69 

223.  69 

105. 89 

16.86 

6.47 

6.60 

10.00 
10.96 
12.17 
13.72 
16.14 

18.97 
22.32 
27.16 
36.64 
46.14 

71.91 
91.69 
138. 53 
185.  59 
218.64 

196. 75 

108.  70 

17.12 

6.46 

5.24 

9.24 
10.12 
11.34 
12.40 
13.06 

15.28 
19.72 
24.27 
37.49 
50.20 

79.05 
97.00 
144.  72 
194.  25 
256.  61 

36.53 
4.71 
1.72 
1.00 
1.47 

2.18 
2.34 
2.32 
3.03 
4.41 

5.84 

8.43 

12.56 

19.51 

30.17 

47.89 

75.60 

120.  01 

183.  86 

263. 84 

28.70 

4.25 

1.40 

.80 

.97 

1.62 
2.10 
2.44 
2.73 
3.58 

4.94 

6.69 

9.62 

14.86 

23.94 

39.33 

64.55 

107.95 

160. 60 

234.  75 

93.46 

22.31 

3.36 

1.80 

1.98 

3.26 

3.52 
3.83 
5.04 
6.76 

8.96 
11.51 
16.56 
25.  18 
39.89 

62.95 
98.97 
150. 98 
211.  54 
293.  88 

73.04 

20.65 

3.16 

1.53 

2.18 

2.93 
3.33 
3.92 
4.64 
5.51 

7.06 

9.45 

13.58 

20.21 

30.15 

48.66 
79.71 
125. 82 
190.  63 
265.  00 

54.86 
7.65 
1.60 
1.33 
1.87 

3.90 

3.55 
3.66 
4.07 
4.55 

6.43 

8.46 

11.87 

17.68 

27.65 

44.89 

70.13 

116.63 

186. 33 

286. 31 

41.82 
6.74 
1.54 
1.18 
2.04 

3.37 
3.47 
3.34 
3.87 
4.14 

5.60 
7.41 
10.23 
15.48 
24.30 

39.14 
66.92 
107.  88 
173.  66 
260.  74 

52.42 
7.77 
2.15 
1.23 
1.73 

3.26 

3.47 
3.43 
4.33 
5.50 

7.86 
11.67 
17.47 
26.11 
39.48 

59.35 
93.10 
144.  80 
210.  90 
288. 00 

40.83 
6.35 
1.82 
1.03 
1.49 

2.56 
3.08 
3.16 
3.45 
4.14 

6.49 

7.86 
11.60 
18.04 
29.78 

48.79 
79.43 
126.  30 
193.  70 
268.  00 

66.41 

14.64 

2.38 

1.54 

1.85 

3.46 

3.50 
3.52 
4.72 
6.00 

9.30 

13.08 
18.64 
25.56 
37.'29 

53.87 
84.88 
120.  95 
192.  20 
300. 71 

53.48 
14.02 
2.19 
1.47 
1.43 

2.33 

2.87 
3.17 
4.18 
4.98 

6.71 
9.24 
12.49 
17.98 
28.52 

42.41 
67.25 
108.  29 
167.  58 
248.  43 

183.  65 

70.78 

7.16 

3.64 

5.41 

8.39 
9.36 
10.43 
12.70 
15.34 

17.88 
21.36 
25.14 
35.76 
46.30 

60.30 
79.55 
114. 10 
175. 88 
276. 70 

163.  00 

70.62 

7.71 

4.07 

6.90 

10.50 
12.13 
11.98 
12.59 
14.80 

14.12 
18.62 
22.35 
32.16 
40.54 

55.37 
70.51 
99.20 
153.  49 
243.  86 

48.12 
4.87 
1.38 
1.00 
1.43 

2.12 
2.43 
2.79 
3.63 
5.13 

7.66 
11.55 
17.37 
25.48 
36.85 

54.54 
83.13 
124.71 
181.04 
248.94 

37.89 

4.32 

1.10 

.70 

.96 

1.45 
1.82 
2.20 
2.78 
3.68 

5.23 

7.62 
11.28 
17.14 
26.43 

42.33 
68.89 
108. 19 
162. 94 
231.41 

62.32 
9.93 
2.66 
1.47 
2.13 

3.18 
3.71 
4.13 
5.10 
6.79 

9.29 

12.78 
18.19 
26.44 
38.65 

57.96 
85.26 
129.  97 
184.  68 
245.50 

49.63 
8.79 
2.20 
1.13 
1.64 

2.77 
3.39 
3.74 
4.33 
5.32 

7.02 

9.59 

13.75 

20.  63 

31.25 

48.66 
74.60 
117.42 
170.  86 
231.51 

82.28 

1.... 

9.37 

5 

1.86 

10 

1.38 

15 

2.74 

20- 

5.44 

25.... 

7.33 

30 

8.72 

35 

10.71 

40 

13.62 

45 

18.59 

50 

25.36 

55 . 

32.48 

60. 

39.10 

65 

46.85 

70 

57.99 

75 

78.03 

80 

107. 30 

85 

137. 83 

90 

174. 17 

FEMALE 
0 __ 

65.84 

1. 

7.96 

5 

1.75 

10 

1.04 

15... 

3.07 

20 

5.32 

25... 

6.27 

30 

7.33 

35... 

9.24 

40 

11.81 

45 . 

16.02 

80 

21.87 

85 

28.58 

«0 

34.72 

«5 

40.90 

70... 

49.12 

75 

62.94 

80 ;. 

81.27 

85 

105.  29 

90 

141.32 
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Table  L.— Number  of  Survivors  Out  of  100,000  Live  Births,  From  Recent  Life  Tables  for  Selected  Countries,  by  Sex 

for  Selected  Specific  Ages 


SEX  AND  AGE 

Australia, 
1932-1934 

Austria, 
1930-1933 

Beleium, 
1928-1932 

British 

India, 

1921-1930 

Canada, 
1930-1932 

Czecho-    | 
Slovakia, 
1929-1932 

Denmark,  ' 
1931-1935   | 

England 

and  Wales, 
1930-1932 

France, 
1928-1933 

Gennanv, 
1932-1934 

Italy, 
1930-1932 

MALE 
0 

100,000 
95, 457 
93,887 
93, 193 
92,609 

91, 797 
90,  711 
89, 566 
88,248 
86,539 
84,276 
81, 061 
76,504 
69,950 
61, 292 

50,086 
36,588 
22,223 
9,752 
2,935 

100,000 
96, 3.58 
94,993 
94,424 
93, 991 

93,341 
92,364 
91, 174 
89, 823 

88,175 

86,256 
83,680 
80, 172 
75,  565 
69,089 

59, 629 
46, 977 
31, 539 
16,425 
5,808 

100,000 
88,460 
85, 933 
84,732 
84,039 

82,847 
81,209 
79,507 
77,555 
75,247 

72,273 
68,454 
62,  337 
56,757 
48,275 

37,834 

25,909 

14, 103 

5,406 

1,227 

100,000 
90, 755 
88,321 

87, 148 
86, 452 

85, 375 
83, 918 
82,381 
80,738 
78,841 

76, 620 
73,654 
69,796 
64,471 
57,053 

46, 620 
33,399 
19, 416 

8,114 
2,164 

100,000 
89, 925 
87,094 
86,090 
85, 395 

84,077 
82,378 
80,682 
78, 797 
76,604 

73,920 
70, 477 
65,896 
59,699 
51,390 

40, 724 

28,224 

15,  745 

6,181 

1,374 

100,000 
92, 145 
89, 616 
88,690 
87,966 

86,635 
84,991 
83,347 
81,606 
79,684 

77,445 
74,667 
71,1  U 
65,933 

>.>" 

48,857 

36,002 

21, 570 

9,055 

2,063 

100,000 
75, 126 
60,161 
56,467 
54,112 

51,203 
47,787 
43,931 
39.461 
34,563 

29,439 

•       24,348 

19,476 

■      14,933 

10,  773 

7,036 

3,848 

1,514 

316 

17 

100,000 
76,  7'  6 
62, 817 
59,369 
56,757 

52,833 
47,932 

42,  675 
37,266 

31, 77s 

26,409 
21,464 
17,  065 
13, 210 
9,761 

6,627 

3.841 

1,631 

367 

22 

100,000 
90,003 
87,681 
86,931 
86,253 

85,144 
^3, 713 
82,308 

79.  212 

77,071 

74,229 
70,221 
64,  772 
57,564 

47,662 

35, 125 

21,512 

9,865 

2,833 

100,000 
91,642 
89.017 
88.220 
87,590 

86,564 

85.1.54 
■      ■    - 
SI. 840 
79,919 

-.-  756 
75, 127 
71,685 
66,840 
60,304 

51,382 
39, 697 
."  748 
12,865 
4,256 

100,000 
85, 131 
81,934 
80,706 
79, 965 

78,662 
76, 897 
75,203 
73,360 
71,158 

68,400 
64,877 
60,217 
54,227 
46,418 

36,605 

25,  148 

13,847 

5,444 

1,356 

100,000 
87,543 
84,400 
83,126 
82, 316 

81, 031 
79,383 
77,669 

n   - 

73,886 

71,668 
68,907 
65, 214 
60,174 
53,023 

43,050 
30,671 
17,947 

7.721 
2,225 

100,000 
91, 853 
90,322 
89,758 
89,280 

88,423 
87,  272 
86,119 
84,910 
83, 472 

81,613 
78,999 

75, 191 
69,804 
62, 177 

51,610 
38,135 
23,064 
10,346 

2,966 

100.000 
93,692 
92,419 
91,913 
91,523 

90,741 
89,705 
i.  4)  5 

87,003 
85,293 

83,220 
80,537 
76,908 
71,806 
64,609 

54,401 
40,594 
24,876 

11.283 
3,484 

100,000 
92,814 
90,069 
89,023 
88,360 

87, 245 
85,824 
84,416 

80,935 

78,357 
74,794 
70,041 
63,620 
54,899 

43.361 
29,665 
16,199 

6.  377 
1,609 

100,000 
94,545 
92,024 
91,082 
90,420 

89,383 
88,133 
86,792 
85,353 
83,690 

81.660 
78,958 
75,290 
70,204 
63,046 

53,144 
40,040 
24,869 
11,594 
3,611 

100,000 
90,982 
88,164 
87,200 
86,447 

84,900 
82,691 
80,470 
77,963 
74,988 

71,348 
66,861 
61,291 
54,391 
45,800 

35,436 

23,768 

12,496 

4,527 

965 

100,000 
92,838 
90,205 
89,245 
88,416 

86,727 
84,585 
82,545 
80,563 
78,381 

75,851 
72,728 
68,809 
63,687 
56,747 

47,194 
34,821 
20,962 
9,088 
2,430 

100,000 
91,465 
89,654 
88,793 
88,244 

87,298 
86.032 
84;  715 
83,234 
81,481 

79,285 
76,322 
72,147 
66,293 
58,106 

47,059 

33,479 

19,122 

7,732 

1,966 

100,000 
93,161 
91,535 
90,753 
90,270 

89,490 
88,390 
87.139 
85,754 
84,135 
82,211 
79,620 
76,038 
70,984 
63,712 

53,184 
39.132 
23,500 
10,323 
2,868 

100,000 

1  . 

m,  ;■- 

5               

10                  

81,738 

15. 

80,936 

20 

79,669 

25               

78,014 

30 

76, 317 

35 

74.  (86 

40 

72.396 

45       — 

69,944 

50        

(.    -«4 

55 

62,942 

60 - 

'-     - 

65        

50,606 

70 

41, 175 

75    

29,299 

80 

16,707 

85       

6,8!3 

90        

1,732 

FEMALE 
0    

100,000 

1   

89,775 

5         

84,107 

10  .    .... 

83,019 

15        

82,227 

20 

80,908 

25            - 

79,223 

30  .. 

77,478 

35 — - 

75,754 

40 -— 

73,860 

45 

71,777 

50 - 

69,332 

55 

66,164 

60 

61,803 

65 

55,510 

70 

46,455 

75 

34,323 

80    

20,517 

85 

9,017 

90._ 

2,579 

SEX  AND  AGE 


MALE 
0 _. 

1 

5 

10 

15 _ 

20 

25 

30 

35 

40 

45 

50 

55 

.60 

65 

70 

75 

80.... 

85 

90 

FEMALE 

0 

1 

5 

10 

15 

20 

25 

30 

35 

40 

45. 

50 

55 

60... 

65_... 

70. 

75 

80 

85 

90 


Japan, 
1926-1930 


100,000 

85,990 
78, 457 
76,  786 

75,  703 

72,845 
69, 466 
66, 721 
64,284 
61,  693 

58,460 
54, 349 
49, 051 
42,283 
33, 814 

24, 306 

14, 813 

7,080 

2,352 

454 

100,  COO 
87,586 
79, 866 
78,  053 

76,  523 

73, 069 
69, 366 
66,  215 
63,  287 
60,  312 

57,  345 
54,285 
50,  534 
45, 819 
39,  593 

31,544 

22, 099 

12,538 

5,044 

1,159 


Mexico, 
19J0 


New  Zea- 
land, 
1634-1638 


Scotland, 
1S30-1932 


Swed<n, 
1931-1935 


100, 000 
77, 631 
61,485 
58, 131 
£6, 471 

54,413 
51,660 
48, 774 
45, 724 
42,472 

38,895 
35,031 
30,940 
26, 573 
21, 590 

16, 615 

10, 879 

6,352 

2,660 

800 

100, 000 
80, 325 
63,131 
59, 672 
58, 062 

56,081 
53,459 
50,  702 
47,  748 
44,679 

41,634 
38,  303 
34,  351 
30,  019 
24,260 

18, 178 

11,280 

6,314 

2,480 

665 


100,  COO 
96, 347 
95, 212 
94.576 
94,069 

S3, 217 
92, 156 
91,084 

89,954 

88, 365 

86, 174 
83,328 
79,243 
73, 472 
65,232 

54,184 
40, 151 
24,845 
11,393 
3,395 

100,000 

97, 130 
96,  227 
95,700 
95, 311 

94,740 
93, 865 
92,825 
91,  637 
60,281 

88,437 
85, 691 
82, 718 
78, 073 
71,253 

61,352 
47,  Sol 
31,  560 
15,754 
5,605 


100,000 

90,654 

s.-.^v. 
85, 162 

84,069 
82, 641 
81, 165 

79,468 
77,  216 

74, 339 
70, 698 
f6, 165 
59,877 
51,322 

40, 035 

26, 966 

14,343 

5,467 

1,366 

100,000 

92, 696 
89, 249 
88,217 
87.5C0 

86, 3S0 
85,054 
83,561 
81, 814 

79, 802 

77,418 
74.384 
70,  41S 
64,951 
57,  553 

47, 782 
35, 058 
21, 066 
9,336 
2,684 


100.000 
■  1,514 
S3, 055 
92, 324 
91,660 

77 
E8.840 

85, 718 
83, 636 

81,802 
78,956 
75, 179 

70,044 
62, 975 

53.  076 
40,346 
.'    ■ 
11,946 
3,477 

100.  COO 
95, 818 
64, 505 
63, 892 
S3, 265 

62, 069 
60,497 

88,944 
87,404 

85,  715 
S3,  702 
81. 106 
77.  Tin 
73, 117 
66,647 

57,326 

44.  532 

28,923 

-     14. 069 

4,375 


Switzer- 
land. 
U 33-1937 


UNION  OF  SOUTH  AFRICA 


UNITED  STATES 


100,0  0 

94,758 
93,112 
92, 314 
91, 725 

90,627 
89,082 
87,586 
85,948 
83,936 

81, 292 

77,  614 
72, 360 
65,213 
55,  no 

43,811 

30.258 

16,666 

6,548 

1,647 

100,  COO 
95.  617 
84.512 
93,858 
93,309 

92, 419 
91,097 
SS.7CS 
88,255 
86,640 
84,657 
82,  COS 

78,  283 
72, 691 
65,237 

54,086 
39,  708 
23,861 
10, 495 
2,945 


Whites, 
1935-1637 


Xcnwhites, 
1935-1937 


100,000 

93,359 
60, 765 
■  378 
88,180 

88.106 

86. 515 
85,029 
83,382 
81,223 

78,369 
74,226 
68,780 
61,763 
53,099 

42. 516 
30,402 
18,043 

8,216 

2,177 

100,000 
94,652 
92, 210 
91, 355 
90,722 

89, 639 
88,778 
87,456 
85,934 
84,005 

81,690 
78,605 
74.  577 
69,342 
62,127 

52, 314 
40, 224 
26,193 
13, 015 
4,311 


100,000 

81,635 
72, 210 
70, 378 
68,942 

66.702 
63,764 
60,723 
57.387 
53,549 

49,309 

44.  759 

39,881 

34, 471 

28,086 

21.564 

15,205 

9.366 

4,518 

1,365 

100,000 
S3,7f0 
73,801 

'  "  ■ 
70,040 

67,153 
63,430 
59,661 
56.133 
52, 479 

48,714 
45,083 
40, 691 
35,734 
29,783 
23,565 
17,156 
11,281 
6,005 
2,139 


Whites, 

1936-1941 


100,000 
65, 188 
64, 150 
93, 601 
93,089 

92,293 
91,241 
90,092 

88,713 
86,880 

84,285 
80,521 
75. 156 
67, 787 
58,305 

46,739 

33,404 

19,860 

9,013 

2,812 

100,000 
96,211 
95,309 
94,890 
94,534 

S3. 984 
93,228 
92.320 
91, 211 
89,805 

87,920 
85,267 
81,520 
76,200 
68,701 

58,363 
44,685 
28,882 
14,487 
5,061 


Whites, 
:  29-1931 


100.000 
93,768 
91,738 
90,810 
90,074 

88.904 
87, 371 
85,707 
83,812 
81,457 

78,345 
74,288 
68,981 
61.933 
52,964 

41,880 

29, 471 

17,221 

7,572 

2,356 

100,000 
95,037 
93, 216 
92,466 
91, 894 

90,939 
89,524 
87.  972 
86,248 
84,256 

81,780 
"-  "I 
74, 321 
68,462 
60,499 

49,932 
37, 024 
23,053 
10,937 
3,719 


Nf-groes, 
1939-1941 


100.000 
91,772 
SO.  082 
89,393 
88,610 

86,968 
84,227 

-:    '■ 

77,221 

72,780 

67,346 
60,495 
52,426 
43,833 

35,371 

27,236 
19,456 
12,186 
6,444 
2,836 

100,000 
93, 416 
91,906 
91,308 
90,594 

88,736 
86,198 
83,384 
80,092 
76,084 

71,157 

■=-;.  ;-; 
57. 314 
48,928 
40,504 

32,354 
24.502 
17,039 
10,622 
5,652 
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Table  M. 


-Average  Future  Lifetime  in  Years,  From  Recent  Life  Tables  for  Selected  Countries,  by  Sex  for  Selected 

Specific  Ages 


SEX  AND  AGE 


MALE 

0 

1 

5 

10.. „ 

15 _._ 

20 

25. 

30 

35 

40 

45 

50 

55 i_. 

60 

65.. 

70 

75 

80 

85 

90 

FEMALE 

0 

1 

5 

10 

15 

20 

25 

30_ 

35 _• 

40 

45 

50 

55___-_ 

60 

65 ■_ 

70. 

75 

80 

85 

90 


Australia, 
1932-1934 


63.48 
65.49 
62.57 
58.02 
63.36 

48.81 
44.37 
39.90 
35.46 
31.11 

26.87 
22.83 
19.03 
15.57 
12.40 

9.60 
7.19 
5.22 
3.90 
2.99 


67.14 
68.67 
65.64 
61.02 
56.29 

51.67 
47.19 
42.77 
38.37 
34.04 

29.74 
25.68 
21.58 
17.74 
14.15 

10.98 
8.23 
6.01 
4.30 
3.05 


Austria, 
1930-1933 


54.5 
60.5 
68.3 
54.1 
49.5 

45.2 
41.0 
36.9 
32.7 
28.7 

24.7 
21.0 
17.4 
14.2 
11.2 

8.6 
6.3 
4.6 
3.3 
2.4 


58.5 
63.5 
61.2 
57.0 
52.4 

48.0 
43.8 
39.6 
35.3 
31.1 

27.0 
22.9 
19.1 
15.4 
12.1 

9.2 
6.8 
5.0 
3.6 
2.7 


Belgium, 
1928-1932 


56. 02 
61.25 
59.21 
54.88 
50.29 

46.04 
41.95 
37.78 
33.61 
29.48 

25.47 
21.61 
17.94 
14.53 
11.43 


6.41 
4.65 
3.35 
2.43 


59.79 
63.84 
61.63 
57.25 
52.68 

48.43 
44.33 
40.17 
35.97 
31.77 

27.62 
23.55 
19.64 
15.93 
12.57 

9.60 
7.12 
5.20 
3.76 
2.86 


British 

India, 

1921-1930 


26.91 
34.68 
38.96 
36.38 
32.85 

29.57 
26.50 
23.60 
20.99 
18.60 

16.40 
14.31 
12.27 
10.25 
8.26 

6.35 
4.61 
3.13 
1.95 
1.12 


26.56 
33.48 
36.61 
33.61 
30.04 

27.08 
24.58 
22.30 
20.18 
18.23 

16.43 
14.65 
12.79 
10.81 
8.76 

6.74 
4.86 
3.25 
2.00 
1.18 


Canada, 
1930-1932 


58.46 
63.96 
62.30 
57.96 
53.41 

49.05 
44.83 
40.55 
36.23 
31.98 

27.79 
23.72 
19.88 
16.29 
12.98 

10.06 
7.57 
5.61 
4.10 
2.97 


60.23 
64.72 
63.17 
58.72 
54.15 

49.76 
45.54 
41.38 
37.19 
33.02 

28.87 
24.79 
20.84 
17.15 
13.72 

10.63 
7.98 
5.92 
4.38 
3.24 


Czecho- 
slovakia, 
1929-1932 


51.92 
59.90 
58.19 
54.04 
49.52 

45.29 
41.27 
37.15 
33.02 
28.96 

25.02 
21.24 
17.68 
14.  35 
11.32 

8.67 
6.46 
4.73 
3.48 
2.61 


55.18 
61.96 
60.21 
56.10 
51.63 

47.40 
43.33 
39.24 
35.10 
30.98 

26.86 
22.83 
18.98 
15.35 
12.06 

9.24 
6.95 
5.12 
3.80 
2.87 


Denmark, 
1931-1935 


62.0 
66.5 
63.6 
59.0 
64.3 

49.8 
45.4 
41.0 
36.5 
32.1 

27.8 
23.6 
19.7 
16.0 
12.6 

9.7 
7.2 
5.2 
3.8 

2.8 


63.8 
67.1 
64.0 
59.4 
54.6 

50.0 
45.6 
41.2 
36.8 
32.5 

28.3 
24.1 
20.1 
16.4 
12.9 


7.3 
5.4 
4.0 
3.0 


England 

and  Wales, 

1930-1932 


58.74 
62.25 
60.11 
55.79 
51.19 

46.81 
42.54 
38.21 
33.87 
29.62 

25.51 
21.60 
17.89 
14.43 
11.30 

8.62 
6.43 
4.74 
3.50 
2.63 


62.88 
65.48 
63.24 
58.87 
54.28 

49.88 
45.55 
41.22 
36.87 
32.55 

28.30 
24.18 
20.23 
16.50 
13.07 

10.02 
7.45 
5.46 
4.00 
2.98 


France, 
1928-1933 


54.30 
58.63 
56.47 
52.06 
47.50 

43.30 
39.40 
35.42 
31.47 
27.62 

23.90 
20.33 
16.93 
13.76 
10.86 

8.29 
6.11 
4.44 
3.23 
2.65 


59.02 
62.53 
60.32 
55.95 
51.45 

47.40 
43.52 
39.54 
35.45 
31.37 

27.33 
23.39 
19.57 
15.94 
12.57 

9.58 
7.07 
5.09 
3.64 
2.75 


Germany, 
1932-1934 


59.86 
64.43 
61.70 
57.28 
52.62 

48.16 
43.83 
39.47 
35.13 
30.83 

26.61 
22.54 
18.69 
15.11 
11.87 

9.05 
6.68 
4  84 
3.52 
2.63 


62.81 
66.41 
63.56 
59.09 
54.39 

49.84 
45.43 
41.05 
36.67 
32.33 

28.02 
23.85 
19.85 
16.07 
12.60 

9.58 
7.09 
5.15 
3.70 
2.72 


Italy, 
1930-1932 


53.76 
59.71 
59.68 
55.46 
50.98 

46.75 
42.69 
38.58 
34.47 
30.39 

26.37 
22.45 
18.70 
15.16 
11.92 

9.05 
6.68 
4.85 
3.52 
2.59 


56.00 
61.32 
61.37 
57.15 
52.67 

48.49 
44.47 
40.41 
36.27 
32.14 

28.00 
23.89 
19.91 
16.13 
12.66 

9.61 

7.09 
5.18 
3.78 
2.82 


SEX  AND  AGE 


MALE 

0 

1 

5 
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15 
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FEMALE 
0 

1 
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10 

15 

20. 

25 

30 

35 

40 

45 
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55 
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65 

70. 

75 

80 

85 

90... 


Japan, 
1926-1930 


44.82 
51.07 
51.85 
47.93 
43.58 

40.18 
37.01 
33.43 
29.61 
25.74 

22.02 
18.49 
15.21 
12.23 
9.64 

7.43 
5.61 
4.15 
3.02 
2.17 

46.54 
52.10 
53.00 
49.18 
45.11 

42.12 
39.23 
35.98 
32.53 
29.01 

25.39 
21.67 
18.09 
14.68 
11.58 


6.59 
4.73 
3.30 
2.24 


Mexico, 
1930 


32.44 
40.64 
46.97 
44.57 
40.80 

37.25 
34.10 
30.97 
27.88 
24.84 

21.89 
19.05 
16.23 
13.50 
11.05 

8.66 
6.90 
5.17 
3.98 
3.69 

34.07 
41.30 
48.19 
45.87 
42.07 

38.46 
35.23 
32.01 
28.84 
25.66 

22.35 
19.  09 
15.98 
12.92 
10.38 

8.06 
6.46 
4.76 
3.43 
2.81 


New 
Zealand, 
1934-1938 


65.46 
66.92 
63.70 
59.11 
54.42 


45.43 
40.94 
36.42 
32.03 

27.78 
23.64 
19.72 
16.06 
12.76 

9.82 
7.36 
5.35 
3.86 
2.79 

68.45 
69.46 
66.10 
61.45 
56.69 

52.02 
47.48 
42.98 
38.51 
34.05 

29.70 
25.47 
21.38 
17.49 
13.91 

10.73 
8.02 
5.85 
4.30 
3.00 


Scotland, 
1930-1932 


56.0 
60.7 
59.2 
54.9 
50.4 

46.0 

41.7 
37.4 
33.2 
29.1 

25.1 
21.3 
17.5 
14.1 
11.0 

8.4 
6.3 
4.6 
3.5 
2.5 

59.5 
63.1 
61.5 
57.2 
52.7 

48.3 
44.0 
39.8 
35.6 
31.4 

27.3 
23.3 
19.4 
15.9 
12.6 

9.6 
7.1 
5.2 
3.8 
2.8 


Sweden, 
1931-1935 


63.22 
65.88 
62.89 
58.37 
53.77 

49.44 
45.31 
41.07 
36.78 
32.50 

28.28 
24.21 
20.29 
16.59 
13.15 

10.12 
7.49 
5.37 
3.76 
2.60 

65.33 
67.17 
64.09 
59.49 
54.87 

50.55 
46.38 
42.15 
37.85 
33.54 

29.29 
25.14 
21.13 
17.29 
13.71 

10.51 
7.78 
5.62 
3.97 

2.84 


Switzer- 
land, 
1933-1937 


60.7 
63.0 
60.1 
55.6 
50.9 

46.5 
42.3 
38.0 
33.6 
29.4 

25.2 
21.3 

17.7 
14.3 
11.3 

8.7 
6.5 
4.7 
3.5 
2.6 

64.6 
66.4 
63.3 
58.8 
54.1 

49.6 
45.3 
40.9 
36.6 
32.2 

27.9 
23.7 
19.7 
16.0 
12.5 

9.6 
7.1 
5.2 
3.8 
2.9 


UNION  OF  SOUTH  AFRICA 


Whites,     Nonwhites, 
1935-1937       1935-1937 


58.95 
62.12 
59.86 
55.43 
50.84 

46.43 
42.24 
37.93 
33.63 
29.45 

25.43 
21.70 

is.  gi 

14.97 
11.99 

9.34 
7.05 
5.20 
3.57 
2.40 

63.06 
65.60 
63.30 

58.87 
54.27 

49.72 
45.33 
40.98 
36.66 
32.44 

28.29 
24.30 
20.47 
16.82 
13.46 

10.50 
7.88 
5.75 
4.13 
2.93 


40.18 
48.14 
50.27 
46.53 
42.44 

38.78 
35.45 
32.10 
28.81 
25.69 

22.69 
19.74 
16.84 
14.08 
11.71 

9.49 
7.42 
5.50 
3.84 
2.56 

40.86 
47.74 
49.99 
46.33 
42.42 

39.13 
36.28 
33.  41 
30.36 
27.29 

24.21 
20.96 
17.95 
15.07 
12.  5S 

10.23 
8.13 
6.  OS 
4.29 
2.88 


UNITED  STATES 


Whites, 
1939-1941 


62.81 
64.98 
61.68 
57.03 
52.33 

47.76 
43.28 
38.80 
34.36 
30.03 

25.87 
21.96 
18.34 
15.05 
12.07 

9.42 
7.17 
5.38 
4.02 
3.06 

67.29 
68.93 
65.57 
60.85 
56.07 

51.38 
46.78 
42.21 
37.70 
33.25 

28.90 
24.72 
20.  73 
17.00 
13.56 

10.50 
7.92 
5.88 
4.34 
3.24 


Whites, 
1929-1931 


59.12 
62.04 
59.38 
54.96 
50.39 

46.02 
41.78 
37.54 
33.33 
29.22 

25.28 
21.51 
17.97 
14.72 
11.77 

9.20 
7.02 
5.26 
3.99 
3.03 

62.67 
64.93 
62.17 
57.65 
53.00 

4S.  52 
44.  25 
39.99 
35.73 
31.52 

27.39 
23.41 

19.60 
16.05 
12.81 

9.08 

7.56 
5.63 
4.  24 
3.17 


Negroes, 
1939-1941 


52.26 
55.93 
52.95 
48.34 
43.74 

39.52 
35.72 
32.05 
28.48 
25.06 

21.88 
19.06 
16.60 
14.37 
12.21 

10.11 
8.17 
6.58 
5.34 
4.23 


55.56 
58.46 
55.40 
50.75 
46.13 

42.04 
38.20 
34.40 
30.  71 
27.19 

23.89 
20.  95 
1S.3S 
16.  10 
13.93 

11.82 
9.81 

S.  02 
6.41 
4.96 
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Australia. — Commonwealth  Bureau  of  Census  and  Statistics, 
Census  of  the  Commonwealth  of  Australia,  80th  June,  1933, 
Australian  Life  Tables,  1932-1934,  pp.  5-6,  65-66,  Canberra, 
1937. 

Belgium. — Office  Central  de  Statistique,  Tables  de  Mortality  de 
la  Population  Beige,  1928-1932,  Recensement  General  de  la 
Population,  au  31  D6cembre  1930,  tome  VII,  pp.  51-54, 
57-60,  Bruxelles. 

British  India. — Census  Commissioner  for  India,  Census  of  India, 
1931,  vol.  I-India,  Part  I  Report,  pp.  173-174,  Manager  of 
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Canada. — Key  fit  z,  Nathan,  Census  Monograph  No.  13,  Canadian 
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p.  27,  K0benhavn,  1940. 

England  and  Wales. — The  Registrar-General's  Decennial  Supple- 
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H.  M.  Stationery  Office,  London,  1936. 

France.- — Statistique  G6ne>ale  de  la  France,  Tables  de  Mortality 
pour  la  Population  de  la  France,  1928-1933,  pp.  624-625. 
Bulletin  de  la  Statistique  Gen6rale  de  la  France,  tome  XXV, 
Fascicule  4,  pp.  617-628,  Juillet-Septembre,  1936. 

Germany,  Austria,  and  Czechoslovakia. — Statistisches  Reichsamt, 


Allgemeine  Deutsche  Sterbetafel  fur  die  Jahre  1932  bis  1934, 
Statistik  des  Deutschen  Reichs,  Band  495,  Heft  1,  pp.  78-89, 
1938. 

Italy. — Galvani,  Luigi,  Tavole  di  Mortalita  delta  Popolazione 
Italiana  1930-1932,  Annali  di  Statistica,  Serie  VII-vol.  I, 
pp.  62-63,  Luglio  1937. 

Japan. — Bureau  of  Statistics,  Imperial  Cabinet,  The  Life  Table 
of  the  Japanese:  No.  5  (1926-1930),  Tokyo,  1936. 

Mexico.- — Bustamante,  Miguel  E.,  and  Aldama  C,  Alvaro, 
Tablas  de  Vida  de  los  Habitantes  de  los  Eslados  Unidos  Mexi- 
eanos,  Revista  del  Instituto  de  Salubridad  y  Enfermedades 
Tropicales,  vol.  I,  Num.  2,  pp.  131-150,  Mayo  de  1940. 

New  Zealand. — Census  and  Statistics  Department,  Dominion  of 
New  Zealand,  Population  Census,  1936,  Appendix  D,  Life 
Tables,  pp.  7-8,  Wellington,  1944. 

Scotland.— Supplement  to  the  Seventy-eighth  Annual  Report  of 
the  Registrar-General  for  Scotland,  Part  I. — Life  Tables, 
pp.  35-40,  H.  M.  Stationery  Office,  Edinburgh,  1934. 

Sweden. — Statistiska  Centralbyr&n,  Statistisk  Arsbok  for  Sverige, 
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Switzerland. — Eidgenossisches  Statistisches  Amt,  Neue  Schwei- 
zerische  Sterbetafeln,  Beitrage  zur  Schweizerischen  Statistik, 
Heft  10,  pp.  41,  51,  54,  Bern,  1942. 

Union  of  South  Africa. — Census  and  Statistics  Office,  Sixth 
Census  of  the  Population  of  the  Union  of  South  Africa,  Enu- 
merated 5th  May,  1936,  vol.  XI,  South  African  Life  Tables, 
pp.  1-8,  Pretoria,  1939. 


PART  II 


LIFE  TABLES 


This  part  contains  the  principal  life  tables  presented 
in  this  volume.  Life  tables  are  given  for  whites, 
Negroes,  and  other  races,  separately  by  sex,  and  for 
both  sexes  combined,  and  also  for  the  total  population 
and  for  total  males  and  total  females.  This  makes 
altogether  12  life  tables.  In  addition,  table  13  gives, 
for  the  same  12  classes  and  combinations  of  classes, 
life  table  values  for  [certain  subdivisions  of  the  first 
year  of  life.  All  these  tables  are  based  on  the  1940 
census  of  population  and  the  deaths  of  the  3 -year 
period  1939-1941. 

Explanation  of  the  columns  of  the  life  table 

Both  the  descriptive  titles  and  the  conventional 
actuarial  symbols  appear  at  the  head  of  the  columns  in 
each  of  the  tables.  The  description  which  follows  gives 
a  more  detailed  explanation  of  each  column  of  the  life 
table,  and  may  be  helpful  to  some  readers. 

Column  1 — Year  of  age  (x  to  x-\-l). — The  year  of  age, 
shown  in  column  1 ,  is  the  interval  between  two  succes- 
sive birthdays.  For  instance,  "4-5"  indicates  the  in- 
terval between  the  fourth  birthday  and  the  fifth,  in 
other  words,  the  fifth  year  of  life. 

Column  £— Mortality  rate  (1,000  qx). — This  column 
shows  the  number  of  deaths  within  1  year  after  the 
birthday  indicated,  among  1,000  persons  alive  on  that 
birthday.  For  example,  the  rate  of  mortality  at  age 
45  for  white  males  (table  5)  is  7.66  per  1,000.  In  other 
words,  during  1939-1941,  7.66  out  of  every  1,000  white 
males  who  were  alive  on  their  forty-fifth  birthday 
died  before  reaching  age  46.  The  rates  of  mortality 
form  the  basis  of  the  life  table,  all  the  other  columns 
being  derived  from  them. 

Column  8 — Number  living  (lx). — This  column  shows 
the  number  of  persons  who  would  survive  to  each  age 
out  of  a  cohort  of  100,000  live  births,  subject  throughout 
life  to  the  rates  of  mortality  shown  in  column  2.  Thus, 
table  5  shows  that  out  of  100,000  white  male  babies 
born  alive,  95,188  will  complete  the  first  year  of  life 
and  enter  the  second;  94,724  will  begin  the  third  year; 
92,098  will  reach  age  21 ;  and  33,404  will  live  to  age  75. 

Column  4 — Number  dying  (dx). — This  column  shows 
the  number  dying  in  each  successive  year  of  age  out  of 
100,000  live  births.  Out  of  100,000  white  males  born 
alive  (table  5),  4,812  die  in  the  first  year  of  life,  464  in 
the  second  year,  195  in  the  twenty-first  year,  and  2,762 
in  the  seventy-fifth  year.  Each  figure  in  column  4  is  the 
difference  between  two  successive  figures  in  column  3. 


Columns  5  and  6 — Stationary  population  (Zx  and 
Tx).— Suppose  that  a  group  of  100,000  individuals  like 
that  assumed  in  columns  3  and  4  is  born  every  year,  each 
such  group  being  subject  throughout  life  to  the  rates  of 
mortality  shown  in  column  2.  If  there  were  no  migra- 
tion and  if  the  births  were  evenly  distributed  over  the 
calendar  year,  the  survivors  of  these  births  would  make 
up  what  is  called  a  stationary  population  because  in 
such  a  population  the  number  of  persons  living  in  any 
given  age  group  would  never  change.  When  an  indi- 
vidual left  the  group,  either  by  death  or  by  growing  older 
and  entering  the  next  higher  age  group,  his  place  would 
immediately  be  taken  by  someone  entering  from  the 
next  lower  age  group.  Thus,  a  census  taken  at  any 
time  in  such  a  stationary  community  would  always 
show  the  same  total  population  and  the  same  numerical 
distribution  of  that  population  among  the  various  ages. 
In  such  a  stationary  population,  column  3  shows  the 
number  of  persons  who,  each  year,  reach  the  birthday 
indicated  in  column  1  while  column  4  shows  the  num- 
ber who  die  each  year  in  the  indicated  age  interval. 

Column  5  shows  the  number  of  persons  in  the  sta- 
tionary population  in  the  indicated  age  interval.  For 
example,  the  figure  given  for  white  males  in  the  year  of 
life  45-46  is  83,962.  This  means  that  in  a  stationary 
population  of  white  males  supported  by  100,000  annual 
births  and  subject  always  to  the  rates  of  mortality 
shown  in  column  2,  a  census  taken  on  any  date  would 
show  83,962  persons  between  45  and  46  years  old. 

Column  6  shows  the  total  number  of  persons  in  the 
stationary  population  (column  5)  in  the  indicated  age 
interval  and  all  subsequent  age  intervals.  For  example, 
in  the  stationary  population  of  white  males  referred  to 
in  the  last  illustration,  column  6  shows  that  there  would 
be  at  any  given  moment  a  total-of  2,180,567  persons 
who  have  passed  their  forty-fifth  birthday.  The  popu- 
lation at  all  ages  0  and  above  (in  other  words,  the  total 
population  of  the  stationary  community)  would  be 
6,281,188. 

Column  7 — Average  future  lifetime  (iz). — The  average 
future  lifetime  (also  called  the  complete  expectation  of 
life)  at  any  age  is  the  average  number  of  years  remain- 
ing to  be  lived  by  those  surviving  to  that  age,  on  the 
basis  of  a  given  set  of  mortality  rates.  The  values  in 
column  5  can  also  be  interpreted  in  terms  of  a  single  life 
table  cohort,  without  introducing  the  concept  of  the 
stationary  population.  From  this  point  of  view,  each 
figure  in  column  5  represents  the  total  time  (in  years) 
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lived  between  the  indicated  birthdays  by  those  reaching 
the  earlier  birthday  among  the  survivors  of  a  cohort  of 
100,000  live  births.  Thus,  the  figure  83,962  for  white 
males  in  the  year  of  life  45-46  is  the  total  number  of 
years  that  will  be  lived  between  the  forty-fifth  and 
forty-sixth  birthdays  by  tbe  84,285  (column  3)  who 
reach  their  forty-fifth  birthday  out  of  100,000  white 
males  born  alive.  The  corresponding  figure  in  column 
6  (2,180,567)  is  the  total  number  of  years  that  will  be 
lived  after  attaining  age  45  by  the  84,285  reaching  that 
age.  This  number  of  years  divided  by  the  number  of 
persons  (2,180,567  divided  by  84,285)  gives  25.87  as  the 
average  future  lifetime  of  white  males  at  age  45. 

Care  must  be  exercised  in  drawing  conclusions  from 
the  figures  in  column  7.  Thus,  observing  that  the  "ex- 
pectation of  life"  at  birth  is  always  greater  for  white 
persons  than  for  Negroes,  one  should  not  conclude  that 
the  oldest  ages  reached  by  white  persons  necessarily 
exceed  those  attained  by  the  most  long-lived  Negroes. 
The  difference  in  the  average  length  of  life  is  due  to  the 
fact  that  a  greater  proportion  of  Negroes  die  before 
reaching  old  age.  For  example,  the  number  surviving 
to  age  65  out  of  100,000  born  alive  is  far  greater  among 
whites  than  among  Negroes;  yet  the  average  length  of 
life  remaining  at  age  65  is  practically  the  same  for  both 
races. 

Table  IS- — Subdivisions  oj  the  first  year  of  life. — What 
has  been  said  about  the  various  columns  of  the  life  table 
applies  also,  with  certain  obvious  modifications,  to  the 
life  table  values  for  subdivisions  of  the  first  year  of  life, 
given  in  table  13.  The  figures  corresponding  to  age 
"2-3  weeks"  for  white  males  may  be  taken  as  an  illus- 
tration. The  age  interval  (column  1)  is  the  period  be- 
ginning with  the  exact  age  2  weeks  and  extending  up  to 
the  exact  age  3  weeks:  in  other  words,  the  third  week  of 
life.  The  mortality  rate  of  1.64  in  column  2  means  that 
out  of  every  1,000  white  male  infants  alive  exactly  2 
weeks  after  birth  during  1939-1941  this  number,  on  the 
average,  died  during  the  following  week.  The  number 
living  (97,194  in  column  3)  signifies  that  this  many 
would  still  be  alive  exactly  2  weeks  after  birth  out  of  the 
life  table  cohort  of  100,000  live  births,  on  the  assump- 
tion that  the  mortality  rates  shown  in  column  2  have 
prevailed  during  the  first  2  weeks  of  life.  The  number 
dying  (159  in  column  4)  means  that  out  of  the  97,194 
alive  exactly  2  weeks  after  birth  this  number  would  die 
during  the  following  week.  The  figure  1,861  in  column 
5  indicates  that  during  the  third  week  of  life  the  sur- 
vivors of  the  life  table  cohort  of  100,000  white  male 
births  have  lived  a  total  of  1,861  person-years  of  life. 
Or,  alternatively,  this  figure  is  the  number  of  infants 
aged  2-3  weeks  in  a  stationary  population  of  white 
males  supported  by  100,000  annual  births  and  subject 
always  to  the  mortality  rates  shown  for  white  males  in 
column  2  of  this  table  and  of  table  5.  The  figure 
6,277,446  in  column  6  represents  the  total  number  of 
person-years  of  life  lived  beyond  the  first  2  weeks  of  life 


by  all  the  97,194  survivors  to  the  age  of  exactly  2  weeks 
in  the  life  table  cohort  which  started  with  100,000  white 
male  births.  Alternatively,  it  is  the  entire  population 
at  all  ages  beyond  2  weeks  in  the  stationary  population 
already  referred  to.  Finally,  the  average  future  life- 
time of  64.59  shown  in  column  7  is  the  average  number 
of  years  lived  beyond  the  first  2  weeks  of  life  by  the 
97,194  survivors  to  the  age  of  exactly  2  weeks  in  the 
life  table  cohort. 

Use  of  life  tables  in  estimating  and  forecasting  popula- 
tions 

One  of  the  most  important  applications  of  life  tables 
in  demographic  research  is  their  use  in  estimating  the 
age  distribution  of  a  population  on  a  given  postcensal 
date.  In  particular  cases,  this  may  be  either  a  past, 
present,  or  future  date.  While  an  exhaustive  discussion 
of  the  subject  would  be  beyond  the  scope  of  this  vol- 
ume,1 an  outline  of  the  general  procedure  will  be  given. 
Basically  this  consists,  in  the  usual  method  of  population 
projection,  in  multiplj'ing  the  number  enumerated  at 
each  age  in  the  census  by  a  survival  rate  derived  from  a 
life  table,  in  order  to  obtain  the  estimated  number  of 
survivors  on  the  given  date.  It  is  usually  most  appro- 
priate to  obtain  the  survival  rates  from  the  Lx  column 
of  the  life  table  (column  5  of  the  tables  on  pp.  26  to  49). 
For  example,  suppose  that  in  a  certain  group  of  white 
males  there  were  enumerated,  in  the  1940  census,  32,000 
at  age  47  on  the  last  birthday,  and  that  it  is  desired  to 
estimate  the  number  of  survivors  just  6  years  later 
(that  is,  on  April  1,  1946),  on  the  supposition  that  the 
mortality  during  the  6-year  period  will  be  approximately 
the  same  as  that  indicated  at  the  ages  in  question  by 
the  1939-1941  life  table  for  white  males.  Now  the 
original  group  of  32,000  presumably  included  persons 
at  all  ages  between  exact  age  47  and  exact  age  48,  and 
was,  therefore,  similar  in  its  age  composition  to  the 
group  at  age  47  on  the  last  birthday  in  the  stationary 
life  table  population,  which  numbered  82,568.  Now, 
since  the  hypothetical  life  table  population  does  not 
change  with  the  passage  of  time  either  in  its  total 
number  or  in  its  age  composition,  the  survivors  6  years 
later  of  this  group  of  82,568  would  be  merely  the  number 
at  age  53  in  the  life  table  population,  which  is  76,953. 
Therefore,  the  survival  rate  to  be  applied  to  the  group 
of  32,000  is  76,953  divided  by  82,568,  which  is  .93200; 
and  the  estimated  number  of  survivors  is  32,000 
multiplied  by  .93200,  which  gives  29,824.  In  algebraic 
terms,  the  Lz+6  persons  aged  x+6  in  1946  are  the  sur- 
vivors of  the  Lx  persons  aged  x  in  1940.  Therefore,  the 
survival  rate  to  be  applied  to  the  population  at  age  x 
is  LxJr6ILx. 

If  migration  during  the  6  years  is  thought  to  have 
been  a  significant  factor,  it  is  of  course  necessary  to 


1  For  a  detailed  discussion  of  the  subject,  see  Estimates  of  Future  Population  of  the 
United  States,  WiO-2000  (prepared  by  Warren  S.  Thompson  and  P.  K.  Whelpton.  and 
issued  by  the  National  Resources  Planning  Board),  Government  Printing  Office, 
Washington,  D.  C,  1943. 
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obtain  some  information  or  to  make  some  assumption 
as  to  the  number  and  age  composition  of  the  net  mi- 
grants each  year,  and  to  adjust  the  number  of  survivors 
accordingly. 

Estimation  of  the  populations  at  ages  under  6  on 
April  1,  1946,  would  require  a  knowledge  of  the  number 
of  births  during  each  of  the  6  years.  For  example,  sup- 
pose 51,000  white  males  entered  the  group  through 
birth  during  the  year  April  1,  1943,  to  April  1,  1944. 
On  April  1,  1946,  the  survivors  of  these  births  would  be 
between  exact  ages  2  and  3.  Now,  in  the  life  table 
population,  the  number  of  births  during  any  year  is  the 
radix  2  of  the  life  table — in  this  case,  100,000 — while  the 
number  of  survivors  on  a  date  just  2  years  after  the  end 
of  the  year  in  which  the  births  occurred  would  be 
merely  the  number  at  age  2  in  the  life  table  population 
(or  94,592  in  column  5).  Therefore,  the  survival  rate  to 
be  applied  to  the  51,000  births  is  94,592  divided  by 
100,000  which  is  .94592;  and  the  estimated  number  of 
survivors  is  51,000  multiplied  by  .94592,  which  gives 
48,242.  In  algebraic  terms,  the  survival  rate  to  be 
applied  to  the  births  of  the  nth.  year  preceding  the  date 
of  the  estimate  is  i„.i/Z0. 

In  the  original  example  of  the  32,000  enumerated  at 
age  47,  suppose  it  had  been  desired  to  estimate  the 
number  of  survivors  6  months  later,  on  October  1,  1946. 
These  individuals  would  then  be  at  ages  ranging  from 
exact  age  53^  to  exact  age  54)^.  Now  the  number  of 
persons  between  these  ages  in  the  life  table  population 
is  approximately  l5i  (column  3):  that  is,  the  number  of 
survivors  to  age  54  out  of  the  life  table  cohort  of  100,000 
live  births,  as  indicated  in  column  3.  In  this  particular 
case,  the  figure  is  76,380.  Therefore,  the  survival  rate 
to  be  applied  is  l5JL„,  or  76,380  divided  by  82,568, 
which  is  .92506;  and  the  estimated  number  of  survivors 
is  32,000  multiplied  by  .92506,  which  gives  29,602. 

If  the  population  data  are  given  in  5-year  age  groups, 
or  can  be  combined  into  such  groups,  it  is  possible  to 
shorten  the  arithmetic  with  very  little  loss  of  accuracy 
by  using  an  average  survival  rate  for  each  5-year  age 
group  as  a  whole.  Thus,  the  survival  rate  over  a  6-year 
period  for  the  age  group  x  to  a;+4  would  be 
(Tx+6—  Tx+n)-^-(Tx—  Tx+5).  Other  situations  which  may 
arise  can  be  dealt  with  along  similar  lines. 

The  life  table  as  a  frequency  distribution 

The  ages  at  death  in  the  hypothetical  life  table  cohort 
(as  shown  in  column  4  of  the  life  tables  on  pp.  26  to  49) 
constitute  a  frequency  distribution.  In  the  following 
discussion,  the  case  of  the  life  table  for  white  males 
(table  5)  will  be  taken  as  an  illustration,  but  the  remarks 
to  be  made  will  apply  equally  to  all  the  life  tables,  ex- 
cept for  some  difference  in  the  ages  and  numerical 
values  quoted.  The  frequency'  distribution  based  on 
the  white  males  life  table  is  exhibited  graphically  in 

1  The  radix  of  a  life  table  is  the  number  of  births  with  which  the  life  table  cohort 
begins,  or,  in  algebraic  terms,  the  value  of  /„.  In  the  tables  on  pp.  26  to  49,  this  is 
shown  in  column  3  opposite  the  year  of  age  0-1,  and  is  always  100,000. 


figure  11.  Perhaps  the  most  obvious  characteristic  of 
this  distribution  is  that  it  is  bimodal:  that  is,  it  has  two 
modes  or  maxima,  one  in  the  year  of  age  0-1  and  an- 
other in  the  year  of  age  75-76.  The  mode  at  age  0-1 
is  the  higher,  more  deaths  occurring  in  this  than  in  any 
other  single  year  of  age.  It  is  also  clear  that  the  fre- 
quency distribution  is  decidedly  skewed  toward  the 
left:  that  is,  the  frequencies  rise  very  gradually  from  the 
"trough"  at  age  10  to  the  "peak"  at  age  75,  and  then 
drop  off  sharply  above  age  75.  The  arithmetic  mean  of 
the  distribution  is  the  average  age  at  death  in  the  hypo- 
thetical cohort,  or  in  other  words,  the  average  duration 
of  life.  Its  value  in  this  case  is  62.81  years  (column  7 
of  the  life  table).  It  is  clear  that  the  value  of  the  arith- 
metic mean  is  very  much  influenced  by  the  large  num- 
ber of  deaths  in  the  first  year  of  life.  If  the  deaths 
occurring  in  the  first  year  were  excluded  from  the  dis- 
tribution, the  average  age  at  death  of  the  remaining 
95,188  individuals  would  be  one  plus  the  average  future 
lifetime  at  age  1:  that  is,  65.98  years.  This  represents  a 
difference  of  more  than  3  years  in  the  value. 

The  median  of  the  distribution  (that  is,  the  value 
which  has  the  same  number  of  elements  on  either  side 
of  it)  is  the  median  length  of  life,  or  probable  lifetime, 
another  possible  measure  of  longevity  to  which  refer- 
ence was  made  in  part  I.3  Since  the  distribution  of 
ages  at  death  in  a  life  table  cohort  is  always  character- 
ized by  a  greater  dispersion  below  the  median  value 
than  above  it,  the  median  always  exceeds  the  arith- 
metic mean.  In  the  particular  case  under  considera- 
tion, the  median  is  68.67.years,  which  exceeds  the  mean 
value  by  2.69  years. 

In  part  I  the  longevity  of  different  subdivisions  of 
the  population  was  compared  also  by  means  of  a  third 
criterion,  the  number  of  persons  surviving  to  specified 
ages  in  the  hypothetical  cohort.  Which  of  these  is 
the  better  measure  of  longevity  is  a  question  that 
cannot  be  answered  categorically.  The  answer  per- 
haps depends  primarily  on  the  purpose  such  a  measure 
is  intended  to  serve.  Certainly  no  one  figure  can  con- 
tain within  itself  all  the  information  which  is  provided 
by  the  complete  frequency  distribution. 

In  view  of  the  pronounced  skewness  of  the  distribu- 
tion, it  may  be  felt  that  the  arithmetic  average  is  not 
sufficiently  representative.  The  layman,  in  inquiring 
what  is  the  "life  expectancy"  of  a  newborn  infant, 
probably  has  in  the  back  of  his  mind  the  idea  of  an 
age  to  which  the  infant  has  a  reasonably  good  chance 
of  surviving.  If  he  is  told  that  the  infant's  "expecta- 
tion of  life"  is  62.81  years,  he  may  be  surprised  to  be 
told  later  that  more  than  62  percent  of  white  male 
infants  alive  at  birth  outlive  their  expectation  of  life 
while  less  than  38  percent  die  before  reaching  that  age. 
The  alternative  statement  that  68.67  years  is  the  prob- 
able lifetime,  the  age  to  which  the  infant  has  a  fifty-fifty 
chance  of  surviving,  is  probably  a  more  satisfactory 
answer  to  the  layman's  question. 

'See  p.  3. 
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On  the  other  hand,  the  objection  may  be  made  that 
the  probable  lifetime  is  not  sufficiently  sensitive  to 
changes  in  the  ages  at  death  of  the  members  of  the  life 
table  cohort.  In  fact,  its  value  is  not  affected  by  any 
change  in  which  the  age  at  death  of  an  individual  is 
not  actually  shifted  from  one  side  to  the  other  of  the 
probable  lifetime  itself.  If,  for  example,  the  deaths  of 
the  4,812  dying  before  age  1  in  the  white  males  life 
table  were  equally  spread  over  all  the  years  of  age 
between  birth  and  age  68,  many  of  these  individuals 
would  live  much  longer;  yet  the  value  of  the  probable 
lifetime  would  be  unchanged.  However,  the  effect  of 
transferring  deaths  from  one  age  to  another  in  the 
hypothetical  life  table  cohort  is  not  entirely  relevant, 
since  the  mortality  rates  in  the  life  table  were  not  ob- 
tained by  observing  a  single  cohort  over  a  period  of 
time,  but  rather  by  observing  many  cohorts  simul- 
taneously, a  different  one  at  each  age.  Therefore,  the 
important  thing  is  the  effect  of  a  specified  change  in  the 
rate  of  mortality  at  a  particular  age,  without  reference 
to  any  offsetting  change  elsewhere.  Any  change  in 
the  mortality  rate  at  any  age  less  than  the  probable 
lifetime  (unaccompanied  by  other  changes)  will  alter 
the  value  of  the  probable  lifetime.  However,  changes 
in  mortality  rates  at  ages  greater  than  the  probable 
lifetime  will  have  no  effect  whatever  on  its  value. 
Similar  remarks  apply  to  the  third  criterion  suggested, 
the  number  of  survivors  to  a  designated  age.  The 
value  of  the  average  duration  of  life,  on  the  contrary,  is 
affected  in  some  measure  by  any  change  in  the  rate  of 


mortality  at  any  age,  or  in  the  ages  at  death  in  the  life 
table  cohort. 

Use  of  the  life  table  in  studying  there  productive  capac- 

•  ity  of  populations 

Another  important  application  of  life  tables  in  demo- 
graphic research  is  their  use  in  conjunction  with  fer- 
tility rates  in  investigating  the  inherent  capacity  of  a 
population  to  reproduce  itself.  This  is  studied,  for  the 
most  part,  by  means  of  certain  specific  measures  devised 
for  that  purpose,  the  most  important  of  which  are  the 
gross  and  net  reproduction  rates  4  and  the  true  rate  of 
natural  increase.5  While  life  table  survival  rates  are 
an  important  component  in  the  calculation  of  these 
measures,  they  involve  other  considerations  of  a  highly 
technical  nature,  which  are  outside  the  scope  of  this 
volume. 

Mathematical  notation  employed 

One  of  the  mathematical  symbols  used  in  the  head- 
ings of  table  13  represents  a  departure  from  the  stand- 
ard notation  in  use  by  actuaries.     This  is  the  symbol 

*  See  Robert  R.  Kuczynski,  The  Balance  oj  Births  and  Deaths,  2  vols.,  The  Mac- 
millan  Co.,  New  York,  1928;  Fertility  and  Reproduction,  Falcon  Press,  New  York, 
1932;  The  Measurement  of  Population  Growth,  Oxford  University  Press,  New  York, 
1936;  D.  V.  Glass,  Population  Policies  and  Movements  in  Europe  (Appendix),  Oxford 
University  Press,  London,  1940. 

»  See  Louis  I.  Dublin  and  Alfred  J.  Lotka,  Length  of  Life,  The  Ronald  Press  Co., 
New  York,  1936;  On  the  True  Rate  a]  Natural  Incre'ase,  Journal  of  the  American  Statis- 
tical Association,  vol.  20,  No.  151,  pp.  305-339,  September  1925;  Alfred  J.  Lotka,  The 
Geographic  Distribution  of  Intrinsic^Natural  Increase  in  the  United  States,  and  an  Exam- 
ination o)  the  Relation  Belueen  Several  Measures  of  Net  Reproductivily,  ibid.,  vol.  31, 
No.  194,  pp.  273-294,  June  1936;  Some  Recent  Results  in  Population  Analysis,  ibid., 
vol.  33,  No.  201,  pp.  164-178,  March  1938.  See  also  Glass'  book  cited  in  the  preceding 
footnote. 
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tqx,  which  appears  in  the  heading  of  column  2  and 
which  is  used  here  to  denote  the  probability  that  an 
individual  alive  at  exact  age  x  will  die  within  time  t 
thereafter,  both  x  and  t  being  measured  in  years.  The 
standard  actuarial  symbol  for  this  probability  is  \tqx 
when  t  is  1  year  or  less  and  |  tQx  when  t  is  greater  than  1 
year.  The  latter  notation  has  been  conceded  by 
actuaries  to  be  awkward  and  unnecessary.6  Moreover, 
a  subcommittee  designated  by  the  Permanent  Com- 
mittee of  the  International  Congresses  of  Actuaries  to 
study  the  revision  of  the  international  actuarial  nota- 
tion has  gone  on  record  recommending  the  replace- 
ment of  the  two  symbols  just  mentioned  by  the  one 
employed  here.7  The  latter  symbol  has  also  been 
widely  used,  even  by  actuaries,  on  the  continent  of 
Europe,8  and  has  also  appeared  in  several  publications 
in  this  country.9 

Consistency  of  the  tables 

Consistency  requires  that  the  rates  of  mortality  in 
the  life  tables  for  combinations  of  classes  shall  always 
be  intermediate  between  the  rates  at  the  same  ages  for 
the  component  classes.  This  is  true  in  every  case, 
notwithstanding  the  fact  that  the  interpolation  10  of 
the  rates  of  mortality  for  the  combination  tables  was 
carried  out  entirely  independently  of  the  corresponding 
interpolation  for  the  separate  classes,  except  above  age 

»"See  Notation  Internationale,  pamphlet  issued  by  the  ComitS  Permanent  des 
Congres  Internationaux  d'Actuaires,  p.  5,  Bruxelles,  Fevrier  1939. 

7  Op.  cit.,  p.  91. 

»  Op.  cit.,  p.  62. 

11  See,  for  example,  American  Journal  of  Hygiene,  vol.  30,  No.  2,  p.  35  et  seq.,  Sep- 
tember 1939;  Record,  American  Institute  of  Actuaries,  vol.  32,  Part  I,  No.  65,  p.  29 
et  seq.,  June  1943. 

10  For  a  detailed  technical  description  of  the  process  of  interpolation,  see  pp.  122-126. 


92,  where  the  rates  of  mortality  for  separate  classes 
were  extrapolated  from  the  data  for  earlier  ages,  and 
those  for  the  various  combinations  were  obtained  by  a 
special  process  in  order  to  insure  consistency. 

Such  consistency  as  regards  the  rates  of  mortality 
does  not,  however,  guarantee  the  same  kind  of  con- 
sistency in  the  values  of  the  other  life  table  functions. 
This  would  follow  if  the  rates  of  mortality  were  ob- 
tained by  observing  a  fixed  cohort  of  persons  from  birth 
until  death,  but  does  not  hold  when  the  persons  under 
observation  at  different  ages  belong  to  distinct  cohorts, 
sometimes  differing  greatly  in  their  race  and  sex  com- 
position. Under  these  conditions,  in  fact,  such  appar- 
ent inconsistencies  are  to  be  expected,  and  are  not 
properly  regarded  as  inconsistencies  at  all.  In  the  life 
tables  in  this  volume,  such  situations  are  few  in  num- 
ber and  are  largely  concentrated  at  the  old  ages  and  in 
the  life  tables  for  "other  races,"  and  in  all  these  cases 
the  numerical  magnitude  of  the  differences  involved  is 
small.  It  may  be  remarked  that  such  situations  have 
arisen  in  earlier  life  tables.  For  example,  in  Glover's 
life  table  for  total  males  in  1910,  the  mortality  rate 
is,  at  every  age,  intermediate  between  the  correspond- 
ing rates  for  white  males  and  Negro  males.11  Never- 
theless, the  values  of  lx  at  ages  96-98  and  dx  at  age  55 
for  total  males  exceed  the  corresponding  values  for  both 
white  males  and  Negro  males.12 


"U.S.  Bureau  of  the  Census,  United  States  Life  Tables,  1890,  1901,  1910,  and  1901- 
1910,  pp.  58-59,  68-69,  80-81,  Government  Printing  Office,  Washington,  D.  C,  1921. 

12  While  it  is  true  that  the  total  males  include  a  small  number  of  males  of  "other 
races,"  this  group  constituted  only  0.16  of  1  percent  of  the  deaths  of  1909-1911  at  all 
ages  and  only  0.17  of  1  percent  of  the  total  estimated  population,  so  that  this  is  not 
likely  to  be  the  explanation  of  the  peculiarity  noted. 
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Table  1. — Life  Table  for  the  Total  Population  of  the  United  States:  1939-1941 


TEAR  OF  AGE 

MORTALITY 
RATE 

OF  100,000  BORN  ALIVE 

STATIONARY  POPULATION 

AVERAGE  FCTTRE 
LIFETIME 

Period  of  life  between  two  exact  ages  stated 
(1) 

Number  dying 

per  1,000  alive 

at  beginning  of 

year  of  age 

(2) 

Number  living 

at  beginning  of 

year  of  age 

(3) 

Number  dying 

during  year 

of  age 

(4) 

In  year  of  age 
(5) 

In  year  of  age  and 
all  later  years 

(6) 

Average  number 

of  years  of 

life  remaining 

at  beginning  of 

year  of  age 

(7) 

x  to  1+1 

1,000?! 

U 

iz 

Xx 

TV 

ez 

0-1 .           - ... 

47.  10 
5.  21 
2.  67 
1.  88 
1.  51 

1.  32 
1.  17 

1.  05 
.96 

.  91 

.  90 

.92 

.97 

1.  07 

1.  22 

1.39 
1.  57 

1.  73 
1.88 

2.  03 

2.  17 
2.30 
2.  42 
2.  50 
2.  56 

2.  62 
2.  67 
2.  75 

2.  85 
2.95 

3.  07 
3.  20 
3.  35 
3.  51 

3.  69 

3.90 

4.  12 
4.  36 
4.  62 

4.  91 

5.24 

5.  59 

5.  99 
6.43 

6.  91 

7.  44 
8.01 

8.  62 
9.28 

9.  99 

10.76 
11.  59 
12.49 
13.46 
14.  51 

100,  000 
95,  290 
94,  794 
94,  540 
94,  363 

94,  220 
94,  095 
93,  985 
93,  887 
93,  796 

93,  710 
93.  626 
93.  540 
93.  449 
93,  349 

93,  235 
93,  105 
92.  959 
92,  797 
92,  623 

92,  435 
92.  234 
92,  022 
91,  799 
91,  570 

91,  335 
91.  096 
90.  853 
90,  603 
90.  345 

90,  078 
89,  802 
89.  514 
89,  215 
88,  902 

88,  573 

88,  228 
87.  865 
87,  482 
87,  078 

86,  650 
86,  196 
85,  714 
85,  201 
84,  653 

84.  069 
83.  443 
82.  775 
82,  061 
81,  300 

80.  487 
79.  621 
78,  698 
77,  716 
76,  669 

4,  710. 
496 
254 
177 
143 

•       125 

110 

98 

91 

86 

84 

86 

91 

100 

114 

130 
146 

162 
174 
188 

201 
212 
223 
229 
235 

239 
243 
250 
258 
267 

276 
288 
299 
313 
329 

345 
363 
383 

404 
42S 

454 
482 
513 
548 
584 

626 
668 
714 
761 
813 

866 

923 

982 

1.047 

1,  112 

96,  058 
94,997 
94,  660 
94,448 
94,  288 

94.  157 
94,  041 
93,  936 
93,  841 
93,  754 

93.  668 
93.  583 
93.  495 
93.  399 
93.  292 

93.  170 
93.  031 
92.  878 
92.711 
92,  529 

92,  334 
92,  128 
91,911 
91.  684 
91,  452 

91,216 
90,  974 
90.  728 
90,  473 
90,  212 

89.  939 
89,  658 
89.  365 
89.  058 
88,  737 

88.  401 
88.  047 
87.  674 
87.  279 
86,  864 

86.  423 
85.  955 
85,  458 
84.  927 
84,  361 

83.  756 
83,  109 
82,  418 
81,  680 
80,  894 

80,  054 
79.  160 
78.  206 
77,  193 
76,  113 

6.  362,  494 
6,  266,  436 
6,  171.  439 
6.  076.  779 
5,  982,  331 

5.  888.  043 
5.  793,  886 
5.  699.  845 
5.  605.  909 
5,  512,  068 

5,  418,  314 
5.  324.  646 
5.  231.  063 
5.  137.  568 
5.  044,  169 

4,  950.  877 
4.  857.  707 
4.  764,  676 
4,  671,  798 
4,  579,  087 

4.  486,  558 
4.  394,  224 
4,  302,  096 
4.  210.  185 
4,  118.  501 

4,  027,  049 
3,  935.  833 
3.  844.  859 
3.  754.  131 
3.  663,  658 

3.  573.  446 
3,  483,  507 
3,  393,  849 
3,  304.  4S4 
3,  215,  426 

3.  126.  689 
3.  038.  288 
2.  950.  241 
2.  862,  567 
2,  775,  288 

2,  688.  424 
2.  602.  001 
2.  516,  046 
2.  430,  588 
2.  345.  661 

2.  261,  300 
2.  177.  544 
2.  094.  435 
2.  012,  017 
1,  930.  337 

1,  849,  443 
1,  769.  389 
1,  690,  229 
1.  612.  023 
1,  534,  830 

63.  62 

1-2 .    .          .    .        .    _ 

65.  76 

2-3 .-       .--   --.   ... 

65.  10 

3-4 ._.        .   _              __.___. 

64.  28 

4-5                               . .- 

63.  40 

5-6 ._     .   . 

62.  49 

6-7      .     ... .   .-   - 

61.  57 

7-8     -_-   ...        -. 

60.  65 

8-9 ...     -.- 

59.  71 

9-10    -  -   .-   ..   .-   .- 

58.  77 

10-11     .-  •■ -    .       - 

57.  82 

11-12  

56.  87 

12-13 .-   .            ... ...   ... 

55.  92 

13-14      _.                                                  .     .. 

54.  98 

14-15 

54.  04 

15-16 .          ... .     .. 

53.  10 

16-17  ...   . 

52.  17 

17-18 

18-19 .'...        .     .   . 

51.  26 
50.  34 

19-20.     .   ..   ...     ...     ... 

49.  44 

20-21 

48.54 

21-22 ....     .   .     

47.  64 

22-23      .         .     .   

46.  75 

23-24 

45.  86 

24-25 

44.  98 

25-26 . 

44.  09 

26-27 .                                  

43.  21 

27-28 . 

42.32 

28-29 .       .                                   :__-_. 

41.  44 

29-30 

40.55 

30-31 ....         ..   ... 

39.67 

31-32      .     . 

38.  79 

32-33  

37.  91 

33-34 .   

37.04 

34-35 

36.  17 

35-36 

35.30 

36-37    .     . 

34.  44 

37-38 . 

33.  58 

38-39 

32.  72 

39-40 

31.  87 

40-41 . 

31.03 

41-42 

30.  19 

42-43  

29.  35 

43-44 

28.53 

44-45 

27.  71 

45-46 ■ 

26.90 

46-47  ---....        ..... 

26.  10 

47-48 

25.30 

48-49  

24.  52 

49-50 . 

23.  74 

50-51 . 

22.  98 

51-52 . 

22.  22 

52-53 

21.48 

53-54 

20.  74 

54-55 

20.02 
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TEAR  OF  AGE 


MORTALITY 
RATE 


OF  100,000  BORN  ALIVE 


STATIONARY  POPULATION 


AVERAGE  FUTURE 
LIFETIME 


Period  of  life  between  two  exact  ages  stated 


(1) 


Number  dying 

per  1,000  alive 

at  beginning  of 

year  of  age 

(2) 


Number  living 

at  beginning  of 

year  of  age 


(3) 


Number  dying 

during  year 

of  age 


(4) 


In  year  of  age 
(5) 


In  year  of  age  and 
all  later  years 


(6) 


Average  number 

of  years  of 

life  remaining 

at  beginning  of 

year  of  age 

(7) 


x  to  z+1 


l,000ff* 


Tx 


55-56... 
56-57... 
57-58... 
58-59... 
59-60- . 

60-61.. 
61-62... 
62-63.. 
63-64... 
64-65.. 

65-66- 
66-67... 
67-68... 
68-69... 
69-70... 

70-71... 

71-72... 
72-73... 
73-74... 
74-75... 

75-76... 
76-77... 
77-78... 
78-79... 
79-80... 

80-81... 
81-82... 
82-83— 
83-84-. 
84-85... 

85-86... 
86-87... 
87-88... 
88-89... 
89-90... 

90-91... 
91-92-. 
92-93— 
93-94-. 
94-95 — 
95-96— 
96-97— 
97-98— 
98-99— 
99-100- 

100-101 
101-102 
102-103 
103-104 
104-105 

105-106 
106-107 
107-108 
108-109 
109-110 


15.  64 

16.  84 

18.  12 

19.  49 

20.  95 

22.  51 
24.  19 
26.  01 
27.97 
30.  12 

32.48 
35.  09 
37.  98 
41.  20 
44.  77 

48.  73 
53.  12 
57.98 
63.  33 
69.  18 

75.54 
82.  39 
89.75 
97.  61 
105.  99 

114.  91 
124.  38 
134.  44 
145.  08 
156.  25 

167.  88 
179.  92 
192.  29 
204.  93 
217.  79 

230.  81 
243.  94 
257.  11 
270.  31 
283.  44 

296.  46 
309.  35 
322.  10 
334.  75 
347.  36 

360.  05 
372.  98 
386.  34 
400.  36 
415.  25 

431.  17 
448.  20 
466.  33 
485.  39 
505.  10 


74 

375 

73 

123 

71 

798 

70 

398 

68 

924 

(17 

372 

65 

742 

64 

032 

62 

241 

60 

366 

58 

406 

56 

356 

,',-1 

216 

51 

982 

49 

655 

47 

235 

44 

726 

42 

133 

39 

465 

30 

735 

33 

960 

31 

162 

28 

365 

25 

596 

22 

883 

20 

254 

17 

735 

15 

350 

13 

124 

11 

073 

9 

214 

7 

556 

6 

103 

4 

853 

3 

796 

2 

920 

2 

207 

1 

640 

1 

197 

857 

603 

417 

282 

188 

123 

78 

49 

30 

18 

11 

6 

3 

2 

1 

182 
252 
325 
400 
474 

552 
630 
710 
791 

875 

960 
050 
140 
234 
327 

420 
509 
593 
668 
730 

775 
798 
797 
769 
713 

629 
519 
385 
226 
051 

859 
658 
453 
250 
057 

876 
713 
567 
443 
340 

254 

186 

135 

94 

65 

45 
29 
19 
12 

7 

5 
3 
1 

1 
1 


74,  966 

1,  458,  717 

73,  750 

1,  383,  751 

72,  460 

1,  310,  001 

71,  098 

1,  237,  541 

69,  661 

1,  166,  443 

68,  148 

1,  096,  782 

66,  557 

1,  028,  634 

64,  887 

962,  077 

63,  137 

897,  190 

61,  304 

834,  053 

59,  386 

772,  749 

57,  381 

713,  363 

55,  286 

655,  982 

53,  099  " 

600,  696 

50,  818 

547,  597 

48,  445 

496,  779 

45,  981 

448,  334 

43,  430 

402,  353 

40,  799 

358,  923 

38,  100 

318,  124 

35,  347 

280,  024 

32,  561 

244,  677 

29,  763 

212,  116 

26,  981 

182,  353 

24,  240 

155,  372 

21,  568 

131,  132 

18,  995 

109,  564 

16,  542 

90,  569 

14,  237 

74,  027 

12,  099 

59,  790 

10,  143 

47,  691 

8,  385 

37,  548 

6,830 

29,  163 

5,478 

22,  333 

4,  324 

16,  855 

3,358 

12,  531 

2,563 

9,  173 

1,924 

6,  610 

1,418 

4,  686 

1,027 

3,268 

730 

2,  241 

510 

1,  511 

350 

1,001 

235 

651 

155 

416 

101 

261 

64 

160 

39 

9'6 

24 

57 

15 

33 

8 

18 

5 

10 

2 

5 

2 

3 

1 

1 

19.31 
18.  60 
17.  92 
17.24 
16.57 

15.  91 
15.  27 
14.  63 
14.01 
13.40 

12.80 
12.  21 
11.  64 
11.08 
10.53 

10.00 
9.49 
9.00 
8.  52 
8.  06 

7.62 
7.20 
6.  81 
6.  43 
6.07 

5.73 

5.41 
5.  11 
4.  82 
4.  56 

4.  31 
4.08 
3.86 
3.  66 
3.47 

3.30 
3.  14 
2.  99 
2.  86 
2.  73 

2.  61 
2.  50 
2.  40 
2.  31 
2.  21 

2.  13 
2.04 
1.  96 

1.88 
1.  80 

1.72 
1.64 
1.56 
1.48 
1.41 


Note.— Rates  of  mortality  at  ages  above  87  are  not  based  on  actual  statistics  at  these  ages,  but  have  been  obtained  by  mathematical  extrapolation  from  mortality  rates 
at  younger  ages.    Other  life  table  functions  at  these  ages  are  based  on  the  extrapolated  rates  of  mortality,  and  may  not  necessarily  represent  actual  conditions. 
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UNITED  STATES  LIFE  TABLES  AND  ACTUARIAL  TABLES 


Table  2. — Life  Table  for  Total  Males  rx  the  United  States:  1939-1941 


YEAB  OF  AGE 

MORTALITY 
RATE 

OF  100,000  BORN  ALIVE 

STATIONARY  POPULATION 

AVERAGE  FUTURE 
LIFETIME 

Period  of  life  between  two  exact  ages  stated 
(1) 

Number  dying 

per  1,000  alive 

at  beginning  of 

year  of  age 

(2) 

Number  living 

at  beginning  of 

year  of  age 

(3) 

Number  dying 

during  year 

of  age 

(4) 

In  year  of  age 
(3) 

In  year  of  age  and 
all  later  years 

(6) 

Average  number 

of  years  of 

life  remaining 

at  beginning  of 

year  of  age 

(7) 

x  to  z+1 

l.OOOg, 

h 

-z 

I, 

-_ 

e» 

0-1 

52.  38 
5.  53 
2.  89 
2.  01 
1.  62 

1.45 
1.30 
1.  19 
1.  11 
1.06 

1.  05 
.1.07 
1.  13 
1.  24 
1.  39 

1.57 
1.  76 

1.  94 

2.  11 
2.28 

2.46 
2.  61 
2.  74 
2.83 
2.88 

2.92 

2.  97 
3.04 

3.  14 
3.25 

3.38 
3.52 

3.  69 
3.88 
4.09 

4.33 

4.  59 
4.88 

5.  20 
5.  56 

5.  95 

6.  39 

6.87 

7.  40 
7.99 

8.  63 

9.  32 
10.06 
10.86 
11.72 

12.  64 

13.  64 

14.  72 

15.  90 
17.  16 

100,  000 
94,  762 
94,  238 
93,  965 
93,  776 

93,  624 
93,  488 
93,  367 
93,  256 
93,  153 

93,  054 
92,  956 
92,  856 
92,  751 
92,  637 

92,  508 
92,  362 
92,  199 
92.  020 
91,  826 

91,617 
91,  392 
91,  153 
90,  903 
90,  646 

90,  385 
90,  121 
89,  854 
89,  581 
89,  300 

89,  009 
88,  709 
88,  397 
88,  071 
87,  730 

87,  371 
86,  993 
86,  594 
86,  171 
85,  722 

85,  246 
84,  739 
84,  197 
83,  619 
83,  000 

82,  336 
81,  626 
80,  865 
80,  051 
79,  182 

78,  254 
77,  265 
76,  211 
75,  089 
73,  895 

5,238 
524 
273 
189 
152 

136 
121 
111 
103 
99 

98 
100 
105 
114 
129 

146 
163 
179 
194 
209 

225 
239 
250 
257 
261 

264 
267 
273 
281 
291 

300 
312 
326 
341 
359 

.    378 
399 
423 
449 
476 

507 
542 
578 
619 
664 

710 
761 
814 
869 
928 

989 
1,054 
1,  122 
1,  194 
1,268 

95,  591 
94,  453 
94,  093 
93,  867 
93,  697 

93,  556 
93,  428 
93,  312 
93,  204 
93,  103 

93,  005 
92,  906 
92,  804 
92,  694 
92,  572 

92,  435 
92.  281 
92,  110 
91,  923 
91,721 

91,  504 
91.  273 
91,  028 
90,  774 
90,  516 

90,253 

89,  988 
89,717 
89,  440 
89,  155 

88,  859 
88,  553 
88,  233 
87,  900 
87,  551 

87,  182 
86,  793 
86,  382 
85,  946 
85,  484 

84,  993 
84,  467 
83,  909 
83,  309 
82,  668 

81,  981 
81,  245 
80,  458 
79,  617 
78,  718 

77,  759 
76,  738 
75,  650 
74,  492 
73,  261 

6,  160.  087 
6,  064,  496 
5,  970,  043 
5,  875,  950 
5,  782,  083 

5,  688,  386 
5,  594,  830 
5.  501,  402 
5,  408,  090 
5,  314,  886 

5,  221,  783 
5,  128,  778 
5.  035,  872 
4,  943,  068 
4,  850,  374 

4,  757,  802 
4,  665,  367 
4,  573,  086 
4,  480,  976 
4,  389,  053 

4,  297,  332 
4,  205,  828 
4,  114,555 
4,  023,  527 
3,  932,  753 

3.  842,  237 
3,  751,  984 
3.  661,  996 
3,  572,  279 
3,  482,  839 

3,  393,  684 
3.  304,  825 
3,  216,  272 
3,  128,  039 
3,  040,  139 

2,  952,  588 
2,  865,  406 
2,  778,  613 
2,  692,  231 
2,  606,  285 

2.  520,  801 
2,  435,  808 
2,  351,  341 
2,  267,  432 
2,  184,  123 

2,  101,  455 
2,  019,  474 
1,  938,  229 
1,  857,  771 
1,  778,  154 

1,  699,  436 
1,  621,  677 
1,  544,  939 
1,  469,  289 
1,  394,  797 

61.  60 

1-2 

64.  00 

2-3 

63.  35 

3-4             __________            ...    

62.  53 

4-5. .          ______          ... 

61.  66 

5-6 __      

60.  76 

6-7 ... .     

59.  85 

7-8 

58.  92 

8-9 .     .   __. 

57.  99 

9-10 .   .                                __. 

57.  06 

10-11. 

56.  12 

11-12 .   

55.  17 

12-13 

54.  23 

13-14 .   . 

53.  29 

14-15 .        

52.  36 

15-16 

51.  43 

16-17 

50.  51 

17-18.     ... 

49.  60 

18-19 _.                            ..   

48.  70 

19-20        ....                                .. 

47.  80 

20-21 

46.  91 

21-22 

46.  02 

22-23 

45.  14 

23-24 

44.  26 

24-25 

43.39 

25-26 

42.51 

26-27 

41.  63 

27-28 

40.  75 

28-29 

39.  88 

29-30 

39.00 

30-31 . 

38.  13 

31-32 

37.  25 

32-33 

36.  38 

33-34 

35.  52 

34-35 

34.65 

35-36 _ 

33.  79 

36-37 

32.  94 

37-38 

32.09 

38-39 

31.  24 

39-40 _• 

30.40 

40-41 

29.57 

41-42 . 

28.  74 

42-43 .                         

27.  93 

43-44 .                       

27.  12 

44-45 

26.31 

45-46 

25.52 

46-47 

24  74 

47-48 

23.  97 

48-49 

23.21 

49-50 .      

22.46 

50-51 .....         _           . _.   . 

21.  72 

51-52 

20.  99 

52-53 

20.  27 

53-54 

19.57 

54-55.     _          ___._.    

18.  88 
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YEAR  OF  AGE 


MORTALITY 
RATE 


OF  100,000  BORN  ALIVE 


STATIONARY  POPULATION 


AVERAGE  FUTURE 
LIFETIME 


Period  of  life  between  two  exact  ages  stated 


(1) 


X  tO  2+1 


Number  dying 

per  1,000  alive 

at  beginning  of 

year  of  age 

(2) 


Number  living 

at  beginning  of 

year  of  age 


(3) 


1,000(/ , 


55-56. _ 
56-57. _ 
57-58- 
58-59- 
59-60- 

60-61- 
61-62.. 
62-63- 
63-64- 
64-65- 

65-66- 
66-67- 
67-68- 
68-69- 
69-70- 

70-71- 
71-72- 
72-73- 
73-74- 
74-75-. 

75-76- 
76-77- 
77-78-. 
78-79-. 
79-80-. 

80-81-. 
81-82... 
82-83-. 
83-84- 
84-85-. 

85-86-. 
86-87-. 
87-88... 
88-89._. 
89-90-. 

90-91-. 
91-92-. 
92-93-. 
93-94._. 
94-95-. 

95-96__. 
96-97-. 
97-98— 
98-99-. 
99-100.. 

100-101 
101-102 
102-103 
103-104 
104-105 

105-106 
106-107 
107-108 
108-109 


18.  50 

19.  93 
21.  44 
23.02 
24.  69 

26.47 
28.  37 
30.41 
32.  60 
34.  97 

37.55 
40.37 
43.47 
46.  87 
50.  62 

54.  77 
59.  36 
64.  44 
70.  05 
76.  18 

82.  84 

90.  02 

97.  70 

105.  90 

114.  61 

123.  86 
133.  67 
144.  04 
154.  98 
166.  43 

178.  31 
190.  55 
203.  08 
215.  82 
228.  71 

241.  68 
254.  68 
267.  63 
280.  66 
293.  62 

306.  49 
319.  29 
332.  09 
344.  97 
358.  06 

371.  53 

385.  57 
400.  33 
415.  94 
432.  43 

449.  65 
467.  23 
484.  46 
500.  29 


72 
71 
69 
68 
66 

65 
63 
61 
59 
57; 

55 

53 
51 
49 
46 

44 
42 
39 
37 
34 

31 
29 
26 

23 
21 

18 
16 
14 
12 
10 


627 
283 
863 
365 
791 

142 
418 
618 
745 
797 

776 
682 
515 
276 
966 

588 
146 
644 
089 
491 

864 
224 
593 
995 
454 

995 
642 
418 
341 
429 

693 
143 
782 
608 
613 

787 
113 
575 
154 
830 

586 
407 
277 
185 
121 

78 
49 
30 
18 
11 

6 
3 
2 
1 


Number  dying 

during  year 

of  age 


(4) 


344 
420 
498 
574 
049 

724 
800 
873 
948 
021 

094 
167 
239 
310 
378 

442 
502 
555 
598 
627 

640 
631 
598 
541 
459 

353 

224 
077 
912 
736 

550 
361 
174 
995 
826 

674 
538 
421 
324 
244 

179 

130 

92 

64 

43 

29 

19 

12 

7 

5 

3 

1 
1 
1 


In  year  of  age 


(5) 


71 
70, 
69! 
67 
65 

64 
62 
60 
58 
56 

54 
52 
50 
48 
45 

43 
40 
38 
35 
53 

30 

27 
25 
22 
20: 

17 
15 
13 
11 
9 

7 
6 
5 
4 


955 
573 
114 
579 
966 

280 

518 
682 
771 

787 

729 
599 
395 
121 

777 

367 
895 
367 
791 
177 

544 
908 
295 
724 
225 

818 
530 
380 
384 
561 

918 
463 
194 
111 
200 

450 
844 
364 
992 
708 

496 
342 
231 
153 
99 

63 
40 
24 

14 


In  year  of  age  and 
all  later  years 


(C) 


Average  number 

of  years  of 

life  remaining 

.  at  beginning  of 

year  of  age 

(7) 


Tz 


1,  321,  536 
1,  249,  581 
1,  179,  008 
1,  109,  894 
1,  042,  315 

976,  349 
912,  069 
849,  551 
788,  869 
730,  098 

673,  311 

618,  582 
565,  983 
515,  588 
467,  467 

421,  690 
378,  323 
337,  428 
299,  061 
263,  270 

230,  093 
199,  549 
171,  641 
146,  346 
123,  622 

103,  397 
85,  579 
70,  049 
56,  669 
45,  285 

35,  724 
27,  806 
21,  343 
16,  149 
12,  038 

8,838 
6,388 
4,  544 
3,  180 
2,  188 

1,480 
984 
642 
411 
258 

159 
96 
56 
32 

18 

10 
5 
3 

1 


e* 


18.20 
17.  53 
16.  88 
16.  23 
15.  61 

14.99 
14.38 
13.  79 
13.20 
12.  63 

12.  07 
11.  52 
10.99 
10.46 
9.95 

9.  46 
8.98 
8.  51 
8.  06 
7.63 

7.22 
6.83 
6.45 
6.  10 
5.  76 

5.44 
5.  14 
4.86 
4.  59 
4.34 

4.  11 
3.89 
3.  69 
3.  50 
3.  33 

3.  17 

3.  02 
2.  88 
2.  76 
2.  64 

2.  52 
2.  42 
2.  32 
2.  23 
2.  13 

2.  05 
1.96 
1.  88 
1.  79 
1.  71 

1.  64 
1.57 
1.  51 
1.  46 


Note.— Rates  Of  mortality  at  ages  above  92  are  not  based  on  actual  statistics  at  these  ages,  but  have  been  obtained  by  mathematical  extrapolation  from  mortality  rates 
at  younger  ages.    Other  life  table  functions  at  these  ages  are  based  on  the  extrapolated  rates  of  mortality,  and  may  not  necessarily  represent  actual  conditions. 
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UNITED  STATES  LIFE  TABLES  AND  ACTUARIAL  TABLES 


Table  3.- — Life  Table  for  Total  Females  in  the  United  States:   1939-1941 


TEAR  OF  AGE 


MORTALITY 
RATE 


OF  100,000  BORX  ALIVE 


STATIONARY  POPULATION 


AVERAGE  FUTURE 
LIFETIME 


Period  of  life  between  two  exact  ages  stated 


0) 


0-1. 
1-2. 
2-3. 
3-4. 
4-5. 


5-6_. 
6-7.. 
7-8.. 
8-9.. 

9-10. 


10-11. 

11-12. 

12-13- 

13-14 

14-15- 

15-k:;_ 

16-17. 
17-18. 
18-19. 
19-20. 

20-21. 
21-22. 
22-23. 
23-24. 
24-25. 

25-26. 
26-27. 
27-28. 
28-29. 
29-30. 

30-31. 
31-32. 
32-33. 
33-34. 
34-35. 

35-36. 
36-37. 
37-38. 
38-39. 
39-40. 

40-41. 
41-42. 
42-43. 
43-44. 
44-45. 

45-46. 
46-47. 
47-lS. 
48-49. 
49-50. 

50-51. 
51-52. 
52-53. 
53-54. 
54-55. 


x  to  z+\ 


Number  dving 

per  1,000  alive 

at  beginning  of 

year  of  age 

(2) 


1,0009, 


Number  living 

at  beginning  of 

year  of  age 


(3) 


41.  52 

100,000 

4.  89 

95,848 

2.  44 

95,  379 

1.74 

95,  147 

1.  40 

94,  981 

1.  20 

94,848 

1.  03 

94,  734 

.  90 

94,  637 

.82 

94,  551 

.76 

94,  474 

.  75 

94, 402 

.76 

94,  332 

.81 

94,  260 

.90 

94,  184 

1.04 

94,  099 

1.  21 

94,  000 

1.  38 

93,  887 

1.  53 

93,  757 

1.  05 

93,  614 

1.78 

93,  459 

1.90 

93,  293 

2.  01 

93,  116 

2.  11 

92,  930 

2.  19 

92.  734 

2.  26 

92,  531 

2.  32 

92,  322 

2.39 

92,  108 

2.  47 

91,  887 

2.57 

91,  660 

2.  66 

91,  425 

2.  77 

91,  182 

2.89 

90.  929 

3.  01 

90,  667 

3.  15 

90,  393 

3.  31 

90,  108 

3.  47 

89,  810 

3.  65 

89,  499 

3.  84 

89,  172 

4.  05 

88.  830 

4.27 

88,  470 

4.  52 

88,  092 

4.79 

87,  694 

5.  10 

87.  274 

5.  43 

86,  829 

5.  80 

86,  358 

6.  21 

85,  856 

6.  65 

85,  323 

7.  12 

84,756 

7.  63 

84,  152 

8.  17 

83,  511 

8.  76 

82,  828 

9.  40 

82,  103 

10.  09 

81,  331 

10.  85 

80.  511 

11.  67 

79,  637 

Number  dying 

during  year 

of  age 


(4) 


4,  152 
469 
232 
166 
133 

114 
97 

86 
77 
72 

70 
72 
76 
85 
99 

113 
130 
143 
155 
166 

177 
186 
196 
203 
209 

214 
221 
227 
235 
243 

253 
262 

274 
285 
298 

311 

327 
342 
360 
378 

398 
420 
445 
471 
502 

533 

567 
604 
641 
683 

725 

772 
820 
874 
929 


In  year  of  age 


' 


In  year  of  age  and 
all  later  years 


(C) 


T, 


96,  549 
95,  ."71 
95,  256 
95,  061 
94,  912 

94,  791 
94,  685 
94,  594 
94,  513 

94,  438 

94,  367 
94, 296 
94,  222 
94,  141 
94,  049 

93,944 
93,  822 
93,  686 
93,  536 
93,  377 

93,  204 
93,  024 
92,  831 
92,  633 
92,  427 

92,  214 
91,  998 
91,  774 
91,  542 
91,  304 

91,  055 
90,  798 
90,  530 
90.  251 
89,  959 

89,  655 
89.  335 
89,  001 
88,  650 
88,  281 

87,  893 
87,  484 
87,  052 
86,  593 
86,  107 

85,  590  • 
85,  040 
84,  454 
83,  831 
83,  169 

82,  466 
81,  717 
SO.  921 
SO,  074 
79,  173 


6,  588,  801 
6,  492.  252 
li.  396,  681 
(i.  301,  425 
6,  206,  364 

6,  111,452 
6,  016,  661 
5,  921.  976 
5,  827,  382 
5,  732,  869 

5,  638,  431 
5,  544,  064 
5,  449,  768 
5.  355,  546 
5,261,405 

5,  167,356 
5,073.412 
4.  979.  590 
4,  885,  904 
4,  792,  368 

4.  698.  991 
4,  605,  787 
4,  512,  763 
4,  419.  932 
4,  327,  299 


4,  234, 
4,  142. 
4,  050, 
3,  958, 
3,  867, 

3,  776, 
3.684, 
3,  594, 
3,  503, 
3,  413, 


3,  323.  447 
3.  233.  792 
3.  144,  457 
3.  055,  456 
2,  966,  806 

2.  878,  525 
2.  790,  632 
2,  703,  148 
2,  616,  096 
2,  529,  503 

2.  443,  396 
2.  357.  806 
2,  272,  766 
2,  188,  312 
2,  104,  481 

2,  021,  312 
1,  938,  846 
1,  857,  129 
1,  776,  208 
1,  696,  134 


Average  number 

urs  of 

life  remaining 

at  beginning  of 

year  of  age 


872 
658 
660  , 
886 

344 

040 
985  | 
187 

657 
406 


65.  89 
1,7.  73 
67.07 
66  23 
65.  34 

64.  43 
63.  51 
62.  58 
61.  63 
60.  68 

59.  73 
58.77 
57.  82 
56.  86 
55.  91 

54.  97 
54.  04 
53.  1 1 
52.  19 
51.  28 

50.  37 
49.46 
48.  56 
47.  66 
46.77 

45.  87 
44.  9S 
44.08 
43.  19 
42.  30 

41.41 

40.  53 
39.  64 
38.  76 
37.  88 

37.01 
36.  13 
35.  26 
34.  40 
33.53 

32.  68 
31.82 
30.  97 
30.  13 
29.  29 

28.  46 
27.  63 
26.  82 
26.  00 
25.20 

24.40 
23.  61 
22.  S3 
22.06 
21.  30 
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Table  3. — Life  Table  for  Total  Females  in  the  United  States:   1939-1941 — Continued 


TEAR  OF  AGE 


MORTALITY 
RATE 


OF  100,000  BORN  ALIVE 


STATIONARV  POPULATION 


AVERAGE  FUTURE 
LIFETIME 


Period  of  life  between  two  exact  ages  stated 


(1) 


55-56. 
56-57. 
57-58. 
58-59- 
59-60. 

60-61- 
61-62- 
62-63- 
63-64. 
64-65 _ 
65-66- 
66-67- 
67-68- 
68-69. 
69-70. 

70-71- 
71-72. 
72-73. 
73-74. 
74-75- 


75-76. 
76-77. 
77-78. 
78-79. 
79-80. 

80-81- 
81-82. 
82-83. 
83-84. 
84-85. 

85-86. 
86-87. 
87-88- 
88-89. 
89-90. 

90-91- 
91-92. 
92-93- 
93-94. 
94-95. 


95-96.. 
96-97.. 
97-98. _ 
98-99.. 
99-100. 


100-101. 
101-102. 
102-103. 
103-104. 
104-105. 

105-106. 
106-107. 
107-108. 
108-109. 
109-110. 

110-111. 


x  to  I+\ 


Number  dying 

per  1,000  alive 

at  beginning  of 

year  of  age 

(2) 


Number  living 

at  beginning  of 

year  of  age 


(3) 


1,000?* 


12 

57 

13 

54 

14 

60 

15 

75 

17 

00 

18 

37 

19 

85 

21 

47 

23 

24 

25 

19 

'  27 

36 

29. 

78 

32. 

50 

35.54 

38. 

95 

42. 

74 

46. 

96 

51. 

63 

56. 

79 

62. 

43 

68. 

56 

75. 

19 

82. 

33 

89. 

97 

98. 

14 

106. 

87 

116. 

18 

126.  09 

136. 

62 

147. 

72 

159. 

32 

171. 

38 

183. 

83 

196. 

61 

209. 

67 

222. 

96 

236. 

44 

250. 

05 

263. 

53 

276. 

92 

290. 

19 

303. 

27 

316. 

13 

328. 

79 

341. 

27 

353. 

68 

366. 

19 

379. 

03 

392. 

49 

406. 

91 

422. 

58 

439. 

78 

458. 

69 

479. 

41 

501. 

93 

526.  10 


77 

719 

76 

667 

75 

547 

74 

357 

73 

093 

71 

751 

70 

326 

68 

816 

67 

217 

65 

523 

63 

731 

61 

832 

59 

823 

57 

696 

55, 

449 

53, 

079 

50, 

586 

47, 

974 

45, 

250 

42, 

425 

39, 

516 

36, 

545 

33, 

536 

30, 

519 

27, 

524 

24, 

582 

21, 

726 

18, 

987 

16, 

393 

13, 

972 

11, 

746 

9, 

733 

7, 

943 

6, 

382 

5, 

044 

3, 

919 

2, 

992 

2, 

244 

1, 

653 

1, 

195 

848 

591 

404 

271 

179 

116 

73 

45 

28 

16 

9 

5 

3 

1 

Number  dying 

during  year 

of  age 


(4) 


In  year  of  age 


(5) 


d. 


989 
1,052 
1,  120 

1,  190 
1,264 

1,342 
1,425 
1,510 
1,599 
1,694 

1,792 
1,899 
2,009 

2,  127 
2,247 

2,370 
2,493 
2,612 
2,724 
2,  825 

2,909 

2,  971 
3,009 

3,  017 
2,995 

2,942 
2,  856 
2,739 
2,  594 
2,421 

2,226 
2,013 
1,790 
1,561 
1,338 


In  year  of  age  and 
all  later  years 


(6) 


Average  number 

of  years  of 

life  remaining 

at  beginning  of 

year  of  age 

(7) 


125 
927 
748 
591 
458 

347 
257 
187 
133 
92 

63 
43 

28 
17 
12 

7 
4 
2 
2 
0 


78,  213 

1,  616,  961 

77,  193 

1,  538,  748 

76,  107 

1,  461,  555 

74,  952 

1,  385,  448 

73,  726 

1,  310,  496 

72,  421 

1,  236,  770 

71,  039 

1,  164,  349 

69,  571 

1,  093,  310 

68,  016 

1,  023,  739 

66,  370 

955,  723 

64,  627 

889,  353 

62,  782 

824,  726 

60,  828 

761,  944 

58,  759 

701,  116 

56,  573 

642,  357 

54,  264 

585,  784 

51,  833 

531,  520 

49,  280 

479,  687 

46,  612 

430,  407 

43,  838 

383,  795 

40,  971 

339,  957 

38,  031 

298,  986 

35,  041 

260,  955 

32,  027 

225,  914 

29,  022 

193,  887 

26,  053 

164,  865 

23,  154 

138,  812 

20,  357 

115,  658 

17,  690 

95,  301 

15,  182 

77,  611 

12,  859 

62,  429 

10,  739 

49,  570 

8,838 

38,  831 

7,  163 

29,  993 

5,712 

22,  830 

4,482 

17,  118 

3,456 

12,  636 

2,618 

9,  180 

1,948 

6,562 

1,424 

4,  614 

1,022 

3,  190 

720 

2,  168 

497 

1,448 

338 

951 

225 

613 

147 

388 

94 

241 

60 

147 

36 

87 

22 

51 

13 

29 

8 

16 

4 

8 

2 

4 

1 

2 

1 

1 

20 

54 

19 

80 

19 

06 

18 

34 

17 

62 

1 0 

92 

16 

23 

15 

55 

14 

88 

14 

22 

13 

57 

12 

94 

12 

32 

11 

72 

11. 

13 

10. 

56 

10. 

01 

9. 

48 

8. 

97 

8. 

48 

8. 

01 

7. 

57 

7. 

14 

6. 

74 

6. 

35 

5. 

99 

5. 

65 

5. 

32 

5. 

02 

4. 

73 

4. 

47 

4. 

22 

3. 

99 

3. 

78 

3. 

58 

3. 

39 

3. 

22 

3. 

07 

2. 

92 

2. 

79 

2. 

67 

2. 

56 

2. 

45 

2. 

35 

2. 

26 

2. 

17 

2. 

09 

2. 

00 

1. 

92 

1. 

S3 

1. 

75 

1. 

67 

1. 

5S 

1. 

49 

1. 

41 

1.33 


Note.— Rates  of  mortality  at  ages  above  87  are  not  based  on  actual  statistics  at  these  ages,  but  have  been  obtained  by  mathematical  extrapolation  from  mortality  rates 
younger  ages.    Other  life  table  functions  at  these  ages  are  based  on  the  extrapolated  rates  of  mortality,  and  may  not  necessarily  represent  actual  conditions. 
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UNITED  STATES  LIFE  TABLES  AND  ACTUARIAL  TABLES 

Table  4. — Life  Table  for  Total  Whites  in  the  United  States:  1939-1941 


YEAR  OF  AGE 

MORTALITY 
RATE 

OF  100,000  BORN  ALIVE 

STATIONARY  POPULATION 

AVERAGE  FUTUEB 
LIFETIME 

Period  of  life  between  two  exact  ages  stated 
(1) 

Number  dying 

per  1,000  alive 

at  beginning  of 

year  of  age 

(2) 

Number  living 

at  beginning  of 

year  of  age 

(3) 

Number  dying 

during  year 

of  age 

(4) 

In  year  of  age 

(5) 

In  year  of  age  and 
all  later  years 

(6) 

Average  number 

of  years  Of 

life  remaining 

at  beginning  of 

year  of  age 

(7) 

x  toz+1 

l,000y. 

U 

d< 

/., 

T, 

h 

0-1 , 

1-2 

2-3 

43.  15 
4.60 
2.  43 
1.  76 
1.41 

1.  24 

1.  10 

1.  00 

.  92 

.87 

.85 
.86 
.89 
.96 
1.07 

1.  20 
1.  33 
1.  45 
1.  56 
1.67 

1.  78 
1.  88 

1.  97 

2.  03 
2.  08 

2.  12 
2.  16 
2.  23 
2.  30 
2.39 

2.  49 
2.  60 
2.73 

2.  87 
3.03 

3.  20 

3.  40 

3.  61 
3.85 

4.  11 

4.  41 

4.  74 

5.  11 
5.  52 
5.  97 

6.46 
7.00 

7.  59 

8.  22 
8.90 

9.64 
10.45 
11.  32 
12.28 
13.31 

100,  000 
95,  685 
95,  245 
95,  014 
94,  847 

94,  713 
94,  595 
94,  491 
94,  397 
94,  310 

94,  228 
94,  147 
94,  066 
93,  983 
93,  892 

93,  792 
93,  679 
93,  555 
93,  419 
93,  273 

93,  117 
92,  951 
92,  776 
92,  594 
92,  405 

92,  213 

92,  018 
91,819 
91,615 
91,  403 

91,  185 
90,  957 
90,  721 
90,  473 
90,  214 

89,  941 
89,  653 
89,  348 
89,  026 
88,  683 

88,  318 
87,  929 
87,  513 
87,  066 
86,  586 

86,  069 
85,  512 
84,  914 
84,  269 
83,  576 

82,  833 
82,  034 
81,  177 
80,  258 
79,  273 

4,315 
440 
231 
167 
134 

118 

104 

94 

87 

82 

'  81 

81 

83 

91 

100 

113 
124 
136 
146 
156 

166 
175 
182 
189 
192 

195 

199 
204 
212 
218 

228 
236 
248 
259 
273 

288 
305 
322 
343 
365 

389 
416 
447 
480 
517 

557 

598 
645 
693 
743 

799 
857 
919 
985 
1,  055 

96,  354 
95,  425 
95,  123 
94,  927 
94,  777 

94,  654 
94,  543 
94,  444 
94,  353 
94,  269 

94,  187 
94,  107 
94,  025 
93,  937 
93,  842 

93,  735 
93,  617 
93,  487 
93,  347 
93,  195 

93,  034 
92,  864 
92,  685 
92,  499 
92,  310 

92,  115 
91,919 
91,  717 
91,  509 
91,  294 

91,071 
90,  839 
90,  597 
90,  343 
90,  077 

89,  797 
89,  500 
89,  187 
88,  855 
88,  501 

88,  123 
87,  721 
87,  289 
86,  826 
86,  327 

85,  791 
85,  213 
84,  591 
83,  923 
83,  204 

82,  434 
81,  605 
80,  717 
79,  766 
78,  745 

6,  492,  419 
6,  396,  065 
6,  300,  640 
6,  205,  517 
6,  110,590 

0,  015,813 
5,  921,  159 
5,  826,  616 
5,732,  172 
5,  637,  819 

5,  543,  550 
5,  449,  363 
5,  355,  256 
5,  261,  231 
5,  167,  294 

5,  073,  452 
4,  979,  717 
4,  886,  100 
4,  792,613 
4,  699,  266 

4,  606,  071 
4,  513,  037 
4,  420,  173 
4,  327,  488 
4,  234,  989 

4,  142,679 
4,  050,  564 
3,  958,  645 
3,  866,  928 
3,  775,  419 

3,  684,  125 
3,  593,  054 
3,  502,215 
3,  411,  618 
3,  321,  275 

3,231,  198 
3,  141,401 
3,  051,  901 
2,  962,  714 
2,  873,  859 

2,  785,  358 
2,  697,  235 
2,  609,  514 
2,  522,  225 
2,  435,  399 

2,  349,  072 
2,  263,  281 
2,  178,  068 
2,  093,  477 
2,  009,  554 

1,  926,  350 
1,  843,  916 
1,  762,  311 
1,  681,  594 
1,  601,  828 

64.  92 
66.  84 

66   15 

3-4       

65  31 

4-5 

64  43 

5-6 

63  52 

6-7 _        

62  59 

7-8 

61  66 

8-9 .     

60  72 

9-10 ._.-_ .   _-     . 

59  78 

10-11  

58  83 

11-12     

57  88 

12-13 

56  93 

13-14 

55  98 

14-15 ._   _                            

55  03 

15-16 '.     

54.  09 

16-17    

53  16 

17-18     

52  23 

18-19 

51.  30 

19-20     

50  38 

20-21 _. 

49  47 

21-22 

48.  55 

22-23 

47.  64 

23-24 

24-25_    

46.  74 
45.  83 

25-26 _.      

44.  92 

26-27.. . 

44.  02 

27-28 

43.  11 

28-29 

29-30 

42.21 
41.  31 

30-31 

40.  40 

31-32 

39.  50 

32-33 

38.  60 

33-34 

37.  71 

34-35 

36.  82 

35-36 

35.  93 

36-37 

35.  04 

37-38 

34.  16 

38-39 

33.  28 

39-40 ._     

32.  41 

40-41 

31.  54 

41-42 

30.  68 

42-43 

29.  82 

43-44 

28.  97 

44-45 

28.  13 

45-46 

27.  29 

46-47 

26.  47 

47-48 

25.  65 

48-49 

24.  84 

49-50 . 

24.  04 

50-51 

23.  26 

51-52 

22.  48 

52-53 

21.  71 

53-54 

20.  95 

54-55 

20.21 
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Table  4. — Life  Table  for  Total  Whites  in  the  United  States:  1939-1941 — Continued 


TEAR  OP  AGE 

MORTALITY 
RATE 

OF  100,000  BORN  ALIVE 

STATIONARY  POPULATION 

AVERAGE  FUTURE 
LIFETIME 

Period  of  life  between  two  exaet  ages  stated 
(1) 

Number  dying 

per  1,000  alive 

at  beginning  of 

year  of  age 

(2) 

Number  living 

at  beginning  of 

year  of  age 

(3) 

Number  dying 

during  year 

of  age 

(4) 

In  year  of  ago 
(5) 

In  year  of  age  and 
all  later  years 

(6) 

Average  number 

of  years  of 

life  remaining 

at  beginning  of 

year  of  age 

(7) 

..  to  z+1 

1,000?. 

1, 

d, 

L, 

T, 

K 

55-56 .   -.     .     -   -   ._-   ___   . 

14.43 

15.  63 

16.  92 

18.  31 

19.  79 

21.  40 

23.  12 

24.  99 
27.01 
29.  22 

31.64 
34.33 
37.  31 
40.  63 
44.  31 

48.39 
52.  90 
57.  88 
63.36 
69.34 

75.  83 
82.82 
90.  31 
98.  32 
106.  87 

115.99 
125.  73 
136.  12 
147.  17 
158.  85 

171.  09 
183.  84 
197.  03 
210.  61 
224.  53 

238.  74 
253.  20 
267.  84 
282.  74 
297.  77 

312.  88 
328.  03 
343.  18 
358.  27 
373.  27 

388.  11 
402.  76 
417.  14 
431.  21 
444.  89 

458.  10 
470.  78 
482.  81 
494  08 

78,  218 
77,  089 
75,  884 
74,  600 
73,  235 

71,  785 
70,  249 
68,  625 
66,  910 
65,  103 

63,  201 
61,  201 
59,  100 
56,  894 
54,  583 

52,  165 
49,  641 
47,  015 
44,  294 
41,  487 

38,  610 
35,  683 

32,  728 
29,  772 
26,  845 

23,  976 
21,  195 
18,  530 
16,  008 
13,  652 

11,483 
9,  519 
7,769 
6,  238 
4,924 

3,  819 
2,  907 
2,  171 
1,  589 
1,  140 

801 
550 
370 
243 
156 

98 
60 
36 
21 
12 

7 
4 
2 

1 

1,  129 

1,205 
1,284 
1,365 
1,450 

1,536 

1,  624 
1,715 
1,807 
1,902 

2,000 

2,  101 
2,  206 
2,311 
2,  418 

2,524 
2,  626 
2,  721 
2,807 
2,  877 

2,927 
2,  955 
2,956 
2,  927 
2,869 

2,  781 
2,  665 
2,  522 
2,356 
2,  169 

1,  964 
1,750 
1,  531 
1,314 
1,  105 

912 
736 
582 
449 
339 

251 
180 
127 

87 
58 

38 

24 

15 

9 

5 

3 
2 

1 
1 

77,  653 
76,  487 
75,  242 
73,  918 
72,  510 

71,017 
69,  437 
67,  767 
66,  007 
64,  151 

62,  201 
60,  150 
57,  997 
55,  739 
53,  374 

50,  903 
48,  328 
45,  654 
42,  890 
40,  049 

37,  146 
34,  206 
31,  249 
28,  309 
25,  410 

22,  585 
19,  863 
17,  268 
14,  830 
12,  568 

10,  500 
8,644 
7,003 
5,581 
4,372 

3,363 
2,  539 
1,880 
1,  364 
971 

675 
460 
306 
199 
127 

79 
48 
28 
16 
9 

5 
3 
2 
1 

1,  523,  083 
1,  445,  430 
1,  368,  943 
1,  293,  701 
1,  219,  783 

1,  147,  273 

1,  076,  256 

1,  006,  819 

939,  052 

873,  045 

.808,  894 
746,  693 
686,  543 
628,  546 
572,  807 

519,  433 
468,  530 
420,  202 
374,  548 
331,  658 

291,  609 
254,  463 
220,  257 
189,008 
160,  699 

135,  289 

112,  704 

92, 841 

75,  573 

60,  743 

48,  175 
37,  675 
29,  031 
22,  028 
16,  447 

12,  075 
8,712 
6,  173 
4,  293 
2,  929 

1,  958 

1,283 

823 

517 

318 

191 

112 

64 

36 

20 

11 
6 
3 
1 

19.  47 

56-57 -       -   - 

18.  75 

57-58 _-_    _   _______ 

18.  04 

58-59    -.        _____         ______ 

17.  34 

59-60  .  . 

16.  66 

60-61  ___              _  ■  _' _______ 

15.  98 

61-62                           .   ___   ___   __        _   __ 

15.  32 

62-63 

14.  67 

63-64 ____________   ___    _ 

14.  03 

64-65 _   

13.  41 

65-66 _ 

12.  80 

66-67 

12.  20 

67-68 

11.  62 

68-69 

11.  05 

69-70 

10.  49 

70-71 

71-72 :__ 

72-73. _____ 

9.96 
9.  44 
8.  94 

73-74 

74-75 

75-76 

8.46 
7.99 

7.  55 

76-77 

7.  13 

77-78 

6.  73 

78-79  _  _        _   _.     _   __ 

6.  35 

79-80 

80-81 

5.99 
5.  64 

81-82 

5.  32 

82-83      __   _     . 

5.  01 

83-84    __     ___     . 

4.  72 

84-85     __   ___   _   ___           

4.  45 

85-86      _   _   _ 

4.  20 

86-87 

87-88 _ 

3.  96 
3.  74 

88-89 

3.  53 

89-90 

3.  34 

90-91 _   _        __ 

3.  16 

91-92 __         .   _ 

3.  00 

92-93 

2.  84 

93-94 

2.  70 

94-95 

2.  57 

95-96 _   _ 

2.  45 

96-97 

2.  33 

97-98 

2.  23 

98-99 

2.  13 

99-100 

2.  04 

100-101 ._            -._____.   

1.  95 

101-102  __    '       ______ 

1.  88 

102-103 

103-104 

1.81 
1.  74 

104-105.     

1.  68 

105-106 

1.  62 

106-107.     _ 

1.  57 

107-108 

1.  53 

108-109 

1.48 

Note. — Rates  of  mortality  at  ages  above  92  are  not  based  on  actual  statistics  at  these  ages,  but  have  been  obtained  by  mathematical  extrapolation  from  mortality  rates 
at  younger  ages.    Other  life  table  functions  at  these  ages  are  based  on  the  extrapolated  rates  of  mortality,  and  may  not  necessarily  represent  actual  conditions. 
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Table  5. — Life  Table  for  White  Males  in  the  United  States:  1939-1941 


TEAR  OF  AGE 


Period  of  life  between  two  exact  ages  stated 


(1) 


x  toi+l 


0-1— 
1-2— 
2-3— 

3-4— 
4-5— 

5-6— 
6-7— 
7-8— 
8-9— 
9-10.. 

10-11, 
11-12. 
12-13. 
13-14. 
14-15. 

15-16. 
16-17. 
17-18. 
18-19. 
19-20. 

20-21. 
21-22. 
22-23 
23-24 
24-25 

25-26. 

26-27 
27-28. 
28-29 
29-30 

30-31. 
31-32 
32-33 
33-34 
34-35 

35-36 
36-37 
37-38 
38-39 
39-40 

40-41 
41-42 
42-43 
43-44 
44-45 

45-46 
46-47 
47-48 
48-49 
49-50 

50-51 
51-52 
52-53 
53-54 
54-55 


MORTALITY 
RATE 


Number  dying 

per  1,000  alive 

at  beginning  of 

year  of  age 

(2) 


]  ,0009, 


48.  12 
4.87 
2.  65 
1.  90 
1.53 

1.38 
1.  24 

1.  14 
1.  06 
1.  02 

1.  00 
1.  01 

1.  06 
1.  14 
1.  27 

1.43 
1.  58 
1.  72 

1.  86 
1.99 

2.  12 
2.  23 
2.  32 
2.  38 
2.  41 

2.43 
2.  45 
2.  51 
2.  59 
2.  68 

2.  79 

2.  91 
3.06 

3.  23 
3.  42 

3.  63 

3.  87 

4.  14 
4.  43 

4.  76 

5.  13 

5.  54 

6.  00 

6.  50 
7.06 

7.  66 

8.  33 

9.  04 
9.81 

10.  64 

11.  55 

12.  53 

13.  60 
14.76 
16.  02 


OF  100,000  BORN  ALIVE 


STATIONARY  POPULATION 


*\  EBAGE  ri'TlRE 
LIFETIME 


Number  living 

at,  beginning  of 

year  of  age 


(3) 


100,  000 
95,  188 
94,  724 
94,  474 
94,  295 

94,  150 
94,  020 
93,  904 
93,  796 
93,  697 

93,  601 
93,  508 
93,413 
93,  314 
93,  208 

93,  089 
92,  956 
92,  809 
92,  649 
92,  477 

92,  293 
92,  098 
91,  893 
91,  679 
91,  461 

91,  241 
91,  019 
90,  796 
90,  568 
90,  334 

90,  092 
89,  841 
89,  579 
89,  305 
89,  017 

88,  713 

88,  391 
88,  049 
87,  685 
87,  296 

86,  880 
86,  434 
85,  955 
85,  440 
84,  885 

84,  285 
83,  639 
82,  943 
82,  193 
81,  387 

80,  521 
79,  591 

78,  594 
77,  525 
76,  380 


Number  dying 

during  year 

of  age 


(4) 


4,812 
464 
250 
179 
145 

130 

116 

108 

99 

96 

93 

95 

99 

106 

119 

133 

147 
160 
172 
184 

195 

205 
214 
218 
220 

222 
223 
228 
234 
242 

251 
262 
274 
288 
304 

322 
342 
364 
389 
416 

446 
479 
515 
555 
600 

646 
696 
750 
806 
866 

930 

997 
1,069 
1,  145 
1,224 


In  year  of  age 


(5) 


Lz 


In  year  of  ^ge  and 
all  later  years 


T, 


95,  913 

6,281,  188 

94,  914 

6,  185,  -275 

94,  592 

6,  090,  361 

94,  381 

5,  995,  769 

94,  219 

5,  901,  388 

94,  085 

5,  807,  169 

93,  962 

5,  713,  084 

93,  850 

5,  619,  122 

93,  747 

5,  525,  272 

93,  649 

5,  431,  525 

93,  554 

5,  337,  876 

93,  460 

5,  244,  322 

93,  364 

5,  150,  862 

93,  261 

5,  057,  498 

93,  148 

4,  964,  237 

93,  023 

4,871,089 

92,  882 

4,  778,  066 

92,  729 

4,  685,  184 

92,  563 

4,  592,  455 

92,  385 

4,  499,  892 

92,  195 

4,  407,  507 

91,  996 

4,  315,  312 

91,  785 

4,  223,  316 

91,  571 

4,  131,  531 

91,  351 

4,  039,  960 

91,  130 

3,  948,  609 

90,  908 

3,  857,  479 

90,  682 

3,  766,  571 

90,  451 

3,  675,  889 

90,  212 

3,  585,  438 

89,  967 

3,  495,  226 

89,  709 

3,  405,  259 

89,  443 

3,  315,  550 

89,  161 

3,  226,  107 

88,  865 

3,  136,  946 

88,  552 

3,  048,  081 

88,  220 

2,  959,  529 

87,  867 

2,  871,  309 

87,  490 

2,  783,  442 

87,  088 

2,  695,  952 

86,  657 

2,  608,  864 

86,  195 

2,  522,  207 

85,  698 

2,  436,  012 

85,  162 

2,  350,  314 

84,  585 

2,  265,  152 

83,  962 

2,  180,  567 

83,  292 

2,  096,  605 

82,  568 

2,  013,  313 

81,  790 

1,  930,  745 

80,  954 

1,  848,  955 

80,  056 

1,  768,  001 

79,  092 

1,  687,  945 

78,  059 

1,  608,  853 

76,  953 

1,530,794 

75,  768 

1,  453,  841 

\-  'rap.'  number 

of  years  of 
life  remaining 

at  beginning  "f 
year  of  age 

(7) 


(12.  81 
64.  98 
64.  30 
63.  46 
62.  58 

61.68 
60.  76 
59.84 
58.  91 
57.97 

57.  03 
56.  08 
55.  14 

54.  20 
53.  26 

52.  33 

51.  40 
50.  48 
49.  57 

48.  66 

47.76 
46.  86 
45.  96 
45.  07 

44.  17 

43.  28 
42.  38 
41.48 
40.  59 
39.  69 

38.80 
37.  90 
37.  01 

36.  12 
35.  24 

34.36 
33.  48 
32.  61 
31.  74 
30.88 

30.  03 
29.  18 
28.  34 
27.  51 
26.  69 

25.87 
25.  07 
24.  27 
23.49 
22.  72 

21.  96 
21.21 
20.47 
19.  75 
19.03 
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Table  5. — Life  Table  for  White  Males  in  the  United  States:  1939-1941— Continued 


YEAR  OF  AGE 

MORTALITY 
RATE 

OF  100,000  BORN  ALIVE 

STATIONARY  POPULATION 

AVERAGE  FUTURE 
LIFETIME 

Period  of  life  between  two  exact  ages  stated 
(I) 

Number  dying 

per  1,000  alive 

at  beginning  of 

year  of  age 

(2) 

Number  living 

at  beginning  of 

year  of  age 

(3) 

Number  dying 

during  year 

of  age 

(4) 

Iii  year  of  age 
(5) 

In  year  of  age  and 
all  later  years 

(«) 

Average  number 

of  years  of 

life  remaining 

at  beginning  of 

year  of  age 

(7) 

x  to  j-+ 1 

1,0007. 

h      ■ 

(lr 

Lx 

Tt 

er 

55-56 

17.  37 
18.81 

20.  34 

21.  95 
23.  66 

25.  48 
27.  43 
29.  52 
31.  77 
34.  20 

36.  85 
39.  75 
42.  93 
46.43 
50.  28 

54.  54 
59.  24 
64.  43 
70.  14 
76.  37 

83.  13 

90.  40 

98.  18 

106.  47 

115.  30 

124.  71 
134.  72 
145.  37 
156.  68 
168.  59 

181.  04 
193.  95 
207.  27 
220.  91 
234.  82 

248.  94 
263.  22 
277.  60 
292.  02 
306.  42 

320.  76 
334.  96 
348.  98 
362.  75 
376.  23 

389.  35 
402.  05 
414.  29 
425.  99 
437.  12 

447.  60 
457.  38 
466.  40 
474.  62 

75,  156 
73,  851 
72,  461 
70,  988 
69,  430 

67,  787 
66,  060 
64,  247 
62,  351 
60,  370 

58,  305 
56,  157 
53,  925 
51,  610 
49,  214 

46,  739 
44,  190 
41,572 
38,  894 
36,  166 

33,  404 
30,  627 
27,  858 
25,  123 
22,  448 

19,  860 
17,  383 
15,  042 
12,  855 
10,  841 

9,013 

7,382 
5,950 
4,717 
3,675 

2,812 
2,  112 
1,  556 
1,  124 
796 

552 
375 
249 
162 
103 

65 
39 
24 
14 
8 

4 
2 

1 
1 

1,305 
1,  390 
1,473 
1,  558 
1,  643 

1,727 
1,813 
1,  896 

1,  981 
2,065 

2,  148 
2,  232 
2,  315 
2,396 
2,475 

2,  549 
2,618 
2,  678 
2,728 
2,  762 

2,777 
2,  769 
2,735 
2,  675 
2,  588 

2,477 
2,341 
2,  187 
2,014 

1,828 

1,631 
1,432 
1,233 
1,042 
863 

700 
556 
432 
328 
244 

177 

126 

87 

59 

38 

26 

15 

10 

6 

4 

2 
1 
0 
1 

74,  504 
73,  156 
71,  724 
70,  209 
68,  609 

66,  923 
65,  153 
63,  299 
61,361 
59,  337 

57,  232 
55,  041 
52,  767 
50,  412 
47,  976 

45,  465 
42,  881 
40,  233 
37,  530 
34,  784 

32,016 
29,  243 
26,  490 
23,  786 
21,  155 

18,  621 
16,213 
13,  948 

11,  848 
9,  927 

8,  198 
6,665 
5,334 
4,  195 
3,244 

2,461 

1,834 

1,340 

960 

674 

464 
312 
205 
133 

84 

52 
32 
18 
11 
6 

4 
2 
1 
1 

1,  378,  073 
1,  303,  569 
1,  230,  413 
1,  158,  689 
1,088,480 

1,  019,  871 
952,  948 
887,  795 
824,  496 
763,  135 

703,  798 
646,  566 
591,  525 
538,  758 
488,  346 

440,  370 
394,  905 
352,  024 
311,  791 
274,  261 

239,  477 
207,  461 
178,218 
151,  728 
127,  942 

106,  787 
88,  166 
71,953 
58,  005 
46,  157 

36,  230 
28,  032 
21,  367 
16,  033 
11,838 

8,594 
6,  133 
4,299 
2,959 
1,999 

1,325 
861 
549 
344 
211 

127 
75 
43 
25 

14 

8 
4 
2 
1 

18.  34 

56-57 

17.  65 

57-58 ■. 

16.  98 

58-59 

16.  32 

59-60 . 

15.  68 

60-61 ... 

15.  05 

61-62 ... 

14.  43 

62-63 

13.  82 

63-64 

13.  22 

64-65 

12.  64 

65-66 

12.  07 

66-67 

11.  51 

67-68 

10.  97 

68-69 . 

10.  44 

69-70 

9.  92 

70-71 

9.  42 

71-72 . 

8.  94 

72-73      . 

8.  47 

73-74 ... 

8.  02 

74-75 

7.  58 

75-76 .   . 

7.  17 

76-77 

6.  77 

77-78 

6.  40 

78-79 

6.  04 

79-80 . 

5.  70 

80-81 

5.  38 

81-82 

5.  07 

82-83 

4.  78 

83-84 

84-85 

4.  51 
4.  26 

85-86 

4.  02 

86-87 . 

3.  80 

87-88 

3.  59 

88-89 

3.  40 

89-90 

3.  22 

90-91 

3.  06 

91-92 

2.  90 

92-93 

2.  76 

93-94 

2.  63 

94-95 

2.  51 

95-96 

2.40 

96-97 

2.  30 

97-98 

2.  20 

98-99 _.. 

2.  12 

99-100 

2.  04 

100-101 

1.  96 

101-102 

1.  90 

102-103 

1.  84 

103-104 

1.  78 

104-105 ...   . 

1.  73 

105-106 

1.  68 

106-107 

1.  64 

107-108 

1.  61 

108-109 

1.  57 

Note.— Rates  of  mortality  at  ages  above  92  are  not  based  on  actual  statistics  at  these  ages,  but  have  been  obtained  by  mathematical  extrapolation  from  mortality  rates 
at  younger  ages.     Other  life  table  functions  at  these  ages  are  based  on  the  extrapolated  rates  of  mortality,  and  may  not  necessarily  represent  actual  conditions. 
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Table  6.- — Life  Table  for  White  Females  in  the  United  States:   1939-1941 


TEAE  OF  AGE 

MORTALITY 
KATE 

OF  100,000  BORN  ALIVE 

STATIONARY  POPULATION 

AVERAGE  FUTURE 
LIFETIME 

Period  of  life  between  two  exact  ages  stated 
(1) 

Number  dying 
per  1,000  alive 
at  beginning  of 

year  of  age 

(2) 

Number  living 

at  beginning  of 

year  of  age 

(3) 

Number  dying 

during  year 

of  age 

(4) 

In  year  of  age 
(S3 

In  yf-ar  of  age  and 
all  later  years 

(6) 

Average  number 

of  yf-ars  of 

life  remaining 

at  beginning  of 

year  of  age 

(7) 

x  to  x+1 

1,000?, 

■      h 

d, 

L, 

T, 

L 

0-1                                                    .   -   --_   --- 

37.89 
4.32 
2.  20 
1.  61 
1.  2£ 

1.  10 
.96 
.85 
.  77 
.  72 

.70 
.70 
.72 
.77 
.86 

.96 
1.  07 
1.  17 
1.  26 
1.  36 

1.  45 
1.  54 

1.  62 
1.  70 
1.  76 

1.  82 
1.88 

1.  95 
2.03 

2.  11 

2.  20 
2.30 
2.  40 
2.  52 
2.  64 

2.78 

2.  92 
3.09 

3.  26 
3.46 

3.68 

3.  93 

4.  20 

4.  51 
4.85 

5.  23 

5.  64 
6.08 

6.  55 
7.06 

7.62 
8.  22 

8.  88 

9.  61 
10.40 

100,000 
96,211 
95,  796 
95,  585 
95,  431 

95,  309 
95,  203 
95,  112 
95,  032 
94,  958 

94,  890 
94,  824 
94,  758 
94,  689 
94,  616 

94,  534 
94,  443 
94,  342 
94,  231 

94,  112 

93,  984 
93,  848 
93,  703 
93,  551 
93,  392 

93,  228 
93,  059 
92,  884 
92,  703 
92,  515 

92,  320 
92,  116 
91,  904 
91,  684 
91,  453 

91,211 
90,  958 
90,  692 
90,  412 
90,  117 

89,  805 
89,  475 
89,  123 
88,  749 
88,  349 

87,  920 
87,  460 
86,  967 
86,  439 
85,  873 

85,  267 

84,  617 
83,  922 
83,  176 
82,377 

3,  789 
415 
211 
154 
122 

106 
91 
80 
74 
68 

66 
66 
69 
73 
82 

91 
101 
111 
119 
128 

136 

145 
152 
159 
164 

169 
175 
181 
188 
195 

204 
212 
220 
231 
242 

253 
266 
280 
295 
312 

330 
352 
374 
400 
429 

460 
493 
528 
566 
606 

650 
695 
746 
799 

857 

96,  822 
95,  966 
95,  684 
95,  505 
95,  367 

95,  256 
95,  158 
95,  072 
94,  995 
94,  924 

94,  857 
94,  791 
94,  723 
94,  653 
94,  575 

94,  489 
94, 392 
94,  287 
94,  172 
94,  048 

9.3,916 
93,  776 
93,  627 
93,  472 
93,  310 

93,  144 

92,  972 
92,  793 
92,  610 
92,  417 

92,  218 
92.  010 
91,  794 
91,  568 
91,  332 

91,  085 
90,  825 
90.  552 
90,  265 
89,  961 

89,  640 
89,  299 
88,  936 
88,  549 
88,  134 

87,  690 
87,  214 
86,  703 
86,  156 
85,  570 

S4,  942 
84,  269 
83,  549 
82,  777 
81,  948 

6,  728,  965 
6,  632,  143 
6,  536,  177 
6,  440,  493 
6,  344,  988 

6,  249,  621 
6,  154,  365 
6,  059,  207 
5,  964,  135 
5,  869,  140 

5,  774,  216 
5,  679,  359 
5,  584,  568 
5,  489,  845 
5,  395,  192 

5,300,617 
5,  206,  128 
5,  111,  736 
5,  017,  449 
4,  923.  277 

4,  829,  229 
4.  735,  313 
4,  641,  537 
4,  547,  910 
4,  454,  438 

4,361,  128 
4,  267,  984 
4,  175.  012 
4,082,  219 
3,  989,  609 

3.  897,  192 
3.  804.  974 
3.  712,  964 
3,621.  170 
3,  529,  602 

3,  438,  270 
3,  347,  185 
3,  256.  360 
3.  165,  808 
3,  075,  543 

2,  985,  582 
2,  895,  942 
2,  806,  643 
2,  717,  707 
2,  629,  158 

2.  541,  024 
2,  453,  334 
2,366,  120 
2,  279,  417 
2.  193,  261 

2,  107,  691 
2,  022,  749 
1,  938,  480 
1,  854,  931 
1,  772,  154 

67.  29 

1-2    --   

68.  93 

2-3                                                   ._-______ 

68.  23 

3-4 

4-5 __    -_    ___    

67.38 
66.49 

5-6                                                          ._.._... 

65.  57 

6-7.-     -    -      

64.  64 

7-8 .   

63.  71 

8-9 -           -_   --- 

62.  76 

9-10.     ---__--           -.    ..-   -    - 

61.  81 

10-11-  -     -                                            

60.  85 

11-12  -.-          -.    .        -      _-.    -    

59.  89 

12-13 .      -    _-- - 

58.  94 

13-14 -    -    .    -    .    . 

57.  98 

14-J5 -    _-- 

57.  02 

15-16-  .-_        .    -_    

56.07 

16-17 .- -_-    

55.  12 

17-18--.   

54.  18 

18-19 

53.  25 

19-20 

52.  31 

20-21   - -. 

51.  38 

21-22 

50.  46 

22-23     .  - 

49.  53 

23-24 _ 

48.  61 

24-25       .      .      - 

47.  70 

25-26 -------- 

46.  78 

26-27         -.      --.        _      

.   45.  86 

27-28 _--___-_.---_-- 

44.  95 

28-29.         -    _        - 

44  04 

29-30 _              

43.  12 

30-31  -----                      .     -   .-- 

42.  21 

31-32 ..- 

41.  31 

32-33 

40.  40 

33-34    

39.  .50 

34-35-           _.                          -         .     ... 

38.  59 

35-36      - _   .-_   _     

37.  70 

36-37 -   _   _   _   _    

36.  80 

37-38     .-- _    

35.  91 

38-39 _   -__   

35.  02 

39-40 _-•-    -      --                

34  13 

40-41  ^        _    _    .-_        .-        _-        -    .. 

33.  25 

41^2     .---__      -____---        _    -    -    -    . 

32.  37 

42-43.      

31.  49 

43-44 __----                _    .    .    - 

30.  62 

44-45 ------      -__ 

29.76 

45-46 

28.  90 

46-47 

28.  05 

47-48  

27.  21 

48-49     - 

26.37 

49-50 

50-51 

51-52 

52-53 .      .   .      

53-54 

54-55 

25.  54 

24.  72 
23.  90 
23.  10 
22.  30 
21.  51 

LIFE  TABLES 
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YEAR  OF  AGE 

MORTALITY 
RATE 

OF  100,000  BORN  ALIVE 

STATIONARY  POPULATION 

AVERAGE  FUTURE 
LIFETIME 

Period  of  life  between  two  exact  ages  stated 
(1) 

Number  dying 

per  1,000  alive 

at  beginning  of 

year  of  age 

(2) 

Number  living 

at  beginning  of 

year  of  age 

(3) 

Number  dying 

during  year 

of  age 

(4) 

In  year  of  age 

(5) 

In  year  of  age  and 
all  later  years 

(6) 

Average  number 

of  years  of 

life  remaining 

at  beginning  of 

year  of  age 

(7) 

x  tox+1 

1,000(7* 

h 

dx 

Lx 

T, 

e, 

55-56      -        ._     -   ' -■'    

11.28 
12.  24 
13.30 

14.  46 

15.  74 

17.  14 

18.  67 
20.  35 
22.  17 
24.  19 

26.43 
28.93 
31.74 
34.  89 
38.41 

42.33 

46.  69 
51.50 
56.  80 
62.59 

68.  89 
75.69 
83.  00 
90.  83 
99.  21 

108.  19 
117.  80 
128.  09 
139.  06 
150.  70 

162.  94 
175.  73 
189.  02 
202.  76 
216.  90 

231.  41 
246.  24 
261.  36 
276.  71 
292.  26 

307.  96 
323.  79 
339.  68 
355.  61 
371.  52 

387.  39 
403.  16 
418.  80 
434.  27 
449.  51 

464.  50 
479.  19 
493.  53 
507.  50 
521.  04 

81,  520 
80,  601 
79,  614 

78,  555 
77,  419 

76,  200 
74,  894 
73,  495 
72,  000 
70,  404 

68,  701 

66,  885 
64,  950 
62,  889 
60,  695 

58,  363 
55,  893 
53,  283 
50,  539 
47,  669 

44,  685 
41,  607 
38,  458 
35,  266 
32,  063 

28,  882 
25,  757 
22,  723 
19,  812 
17,  057 

14,  487 

12,  126 

9,995 

8,  106 

6,462 

5,061 
3,  890 
2,  932 
2,  166 
1,  566 

1,  109 
767 
519 
343 
221 

139 

85 

51 
29 
17 

9 
5 
3 

1 
1 

919 

987 

1,  059 

1,  136 

1,  219 

1,306 
1,399 
1,495 
1,596 
1,703 

1,816 
1,935 
2,061 

2,  194 
2,332 

2,470 
2,610 
2,  744 
2,  870 

2,  984 

3,078 

3,  149 
3,  192 
3,203 
3,  181 

3,  125 
3,034 
2,  911 
2,755 
2,570 

2,361 
2,  131 
1,  889 
1,  644 
1,401 

1,  171 
958 
766 
600 
457 

342 
248 
176 
122 
82 

54 
34 
22 

12 

8 

4 
2 
2 
0 
1 

81,  060 
80,  108 
79,084 
77,  987 
76,  809 

75,  547 
74,  195 
72,  748 
71,  202 
69,  552 

67,  793 
65,  918 
63,  920 
61,  791 
59,  529 

57,  128 
54,  588 
51,911 
49,  104 
46,  177 

43,  146 
.  40,  032 
36,  862 
33,  664 
30,  472 

27,  320 
24,  240 
21,  267 
18,  435 

15,  772 

13,  306 

11,061 

9,051 

7,  284 
5,762 

4,475 
3,411 
2,548 
1,  866 
1,338 

938 
643 
430 
282 
180 

111 
68 
40 
24 
12 

7 
4 

2 
1 

1 

1,  690,  206 
1,  609,  146 
1,  529,  038 
1,  449,  954 
1,  371,  967 

1,  295,  158 
1,219,611 
1,  145,416 
1,  072,  668 
1,  001,  466 

931,  914 
864,  121 
798,  203 
734,  283 
672,  492 

612,  963 
555,  835 
501,  247 
449,  336 
400,  232 

354,  055 
310,  909 
270,  877 
234,  015 
200,  351 

169,  879 

142,  559 

118,319 

97,  052 

78,  617 

62,  845 
49,  539 
38,  478 
29,  427 
22,  143 

16,  381 

11,  906 

8,495 

5,  947 

4,081 

2,743 

1,  805 

1,  162 

732 

450 

270 
159 

HI 
51 
27 

15 

8 
4 
2 

1 

20.  73 

56-57                .-     --   --_   --_ 

19.  96 

57-58                            

19.  21 

58-59 ---   _  ■' 

18.  46 

59-60                           -     _             .    _    ___     __ 

17.  72 

60-61     .-    .   .   _.   .-_ 

17.00 

61-62                                     _'■   --   -- 

16.  28 

62-63  --     -        

15.  58 

63-64  ...   .        ._     __   -   .... 

14.90 

64-65 

65-66 --- 

14.22 
13.  56 

66-67                       .   -.-   ...   -   -.-    -   

12.  92 

67-68                       -    _   -   -_-     --   --- 

12.  29 

68-69 

69-70                           -    -   

11.68 
11.08 

70-71.     -                -    -   -   --     - 

10.50 

71-72                               --.    

9.  94 

72-73                                       -    

9.  41 

73-74 -     _   -_- 

8.89 

74-75                                       -    -   -     ± -- 

8.40 

75-76 

7.92 

76-77 _■    -    -    - - 

7.47 

77-78 

7.04 

78-79          -    -        -         - 

6.  64 

79-80  _  _                    _     

6.  25 

80-81     ..                .   -   

5.  88 

81-82 -._ 

5.  53 

82-83     --                - 

5.  21 

83-84                           .   -    - 

4.  90 

84-85                               .  - -     

4.  61 

85-86                         .'-        -   -- - 

4.  34 

86-87                               .   -   

4.  09 

87-88                                         --   

3.  85 

88-89     _-   .          - 

3.  63 

89-90 

90-91                       .-         -   

3.43 

3.  24 

91-92                                   

3.06 

92-93                                   ---   -_- 

2.  90 

93-94 

2.  75 

94-95                                       -        

2.  61 

95-96                           ._-__-     ---   --- 

2.  47 

96-97                               .-.   

2.  35 

97-98                                   .   -    --- 

2.  24 

98-99  ..   _   _-- --   - 

2.  14 

99-100     .       -   -   - 

2.  04 

100-101                       -------     — 

1.95 

101-102                             -     -     -     - 

1.  87 

102-103 

103-104 - 

104-105-.      .    

1.  70 
1.  72 
1.  65 

105-106                              - 

1.  5!) 

106-107 

107-108                             

1.  53 
1.  47 

108-109                         -_ . 

1.  42 

109-110 -.. -   

1.  37 

Note.— Bates  of  mortality  at  ages  above  92  arc  not  based  on  actual  statistics  at  these  ages,  but  have  been  obtained  by  mathematical  extrapolation  from  mortality  rates 
at  younger  ages.    Other  life  table  functions  at  these  ages  are  based  on  the  extrapolated  rates  ot  mortality,  and  may  not  necessarily  represent  actual  conditions. 
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Table  7. — Life  Table  for  Total  Negroes  in  the   I'xited  States:   1939-1941 


TEAR  OF  AGE 


JIOET  . 
RATE 


OF  100.000  BORN  ALIVE 


STATIONARY  POPULATION 


AVERAGE  FTTCBE 
LIFETIME 


Period  of  life  between  two  rxa' 


(1) 


0-1- 
1-2- 
2-3- 
3-4- 
4-5- 


5-6- 
6-7- 
7-8- 
8-9-- 
9-10- 


10-11- 
11-12_ 
12-13- 
13-14_ 
14-15- 

15-16. 
16-17- 
17-18- 
18-19- 
19-20- 

20-21_ 
2 1-22 , 
22-23- 
23-24_ 
24-25_ 

25-26- 
26-27- 
27-28- 
28-29. 
29-30. 

30-31_ 
31-32_ 
32-33_ 
33-34- 
34-35- 

35-36_ 
36-37_ 
37-3S- 
38-39. 
39-40_ 

40-41. 
41-42_ 
42-43_ 
43-44_ 
44-45_ 

45-46_ 
46-47_ 
47-4S_ 
48-49- 
49-50- 

50-51- 
51-52. 
52-53_ 
53-54. 
54-55. 


i  to  j-+i 


Number  dying 

per  1.000  alive 

at  beginning  of 

year  of  age 

- 


Number  b'ving 

at  beginning  of 

year  of  age 


Number  dying 
during  year 

- 


i.nno7- 


74.  16 

100.000 

8.  67 

92.  584 

4.  02 

91,  781 

2.  58 

91,413 

2.  12 

91,  176 

1.80 

90,  983 

1.  55 

90,  819 

1.  35 

90,  679 

1.  22 

90,  556 

1.  17 

90,  445 

1.20 

90,  339 

1.  32 

90,  230 

1.  54 

90.  1 1 1 

1.88 

89,  972 

2.  36 

89,  803 

2.  91 

89,  591 

3.  47 

89,  330 

3.97 

89,  020 

4.  44 

88,666 

4.  91 

88,  273 

5.  37 

87,  839 

5.  78 

87,  367 

6.  14 

86.  862 

6.  40 

86.  329 

6.60 

• '   776 

6.  76 

85,  210 

6.93 

84,  634 

7.  14 

84,  048 

7.40 

83,  448 

7.68 

82,  830 

7.97 

82,  194 

8.  30 

81,  539 

8.66 

80,  862 

9.  05 

80.  162 

9.48 

79.  437 

9.94 

78,  683 

10.  42 

77,  902 

10.93 

77.  090 

11.46 

76,  248 

12.04 

75,  374 

12.  68 

74.  466 

13.  40 

73,  522 

14.  21 

72.  537 

15.  15 

71.  506 

16.  18 

70,  423 

17.30 

69.284 

18.49 

68,  085 

19.  73 

66,  826 

21.  00 

65,  508 

22.  31 

64,  132 

23.65 

62,  702 

25.01 

61.219 

26.40 

59.  687 

27.  80 

58,  112 

29.  21 

56.  496 

■- 


In  yeai 


■ 


/., 


In  year  of  age  and 
all  later  years 


T, 


-.umber 
irs  of 
life  remaining 
at  rjeginning  of 
year  of  age 


7.  416 

93,  960 

5,  385,  044 

803 

92.  110 

5.  291,  084 

368 

91,  586 

5,  198,  974 

237 

91,  290 

5,  107,  388 

193 

91,  076 

5,  016,  098 

164 

90,  901 

4,  925,  022 

140 

90.  749 

4,  834.  121 

123 

90.  617 

4.  743.  372 

111 

90,  501 

4.  652,  755 

106 

90,  392 

4.  562,  254 

109 

90,284 

4.  471,  862 

119 

90,  171 

4,  381,  578 

139 

90.  041 

4.291,407 

169 

89,  888 

4.  201,  366 

212 

89,  696 

4,  111,478 

261 

89,  461 

4,021.  7s2 

310 

89,  175 

3,  932.  321 

354 

88,  843 

3,  S43.  146 

393 

88,470 

3,  754,  303 

434 

88,  055 

3,  665,  833 

472 

87,  603 

3,  577.  778 

505 

87,  115 

3,  490.  175 

533 

86,  595 

3.  403,  060 

553 

86,  052 

3.  316.465 

566 

493 

3,  230.  413 

576 

84.  922 

3.  144.  920 

586 

54  341 

3.  059.  998 

600 

83,  747 

2,  975.  657 

618 

83,  139 

2.  S91,  910 

636 

82,  512 

2.  SOS.  771 

655 

81,  867 

2.  726.  259 

677 

81  201 

2,  644.  392 

700 

80,  512 

2,  563,  191 

725 

79,  799 

2,  482.  679 

754 

79,  060 

2.  402  - ; 

781 

78,  293 

2.  323,  820 

812 

77.  496 

2.  245.  527 

842 

76.  669 

2.  16S.  031 

874 

75.  S10 

2.  091.  362 

908 

74.  920 

2,  015.  552 

944 

73,  994 

1.  940.  632 

985 

73.  029 

1.  866.  63S 

1.031 

72.  022 

1.  793.  609 

1,083 

70.  964 

1.72'  587 

1,  139 

69,  853 

1,  650.  623 

1.  199 

68,  685 

1.  580.  770 

1.259 

67,  456 

1,512,  OSS 

1.  31S 

66.  167 

1 .  444.  029 

1.  376 

04.  --2" 

1.  37-  -  - 

1.  430 

63,  417 

1.  313.  642 

1.  4S3 

61,  960 

1.  250.  225 

1.  532 

60.  453 

1.  188.  265 

1.  575 

58,  900 

1,  127.  S12 

1.  616 

57,  304 

1,  068.  912 

1.  650 

55,  670 

1,011.  60S 

57.  15 
56.  65 

55.  87 
55.  02 

54.  13 
53.  23 
52.  31 
51.  38 
50.  44 

49.  50 

47.  62 

46.  70 
45.  78 

44.  <*9 
44.02 
43.  17 
42.  34 
41.  53 

40.  73 
39.  95 

39.  18 
38.42 
37.  66 

36.  91 
36.  16 
35.  40 
34.66 
33.  91 

33.  17 
32.  43 
31.  70 
30.  97 
30.  25 

29.  53 
28.  83 
28.  12 
27.  43 
26.  74 

26.  06 

25.  39 
24.  73 
24.  OS 
23.  44 

22.  S2 
22.  21 
2L  62 
21.04 
20.  4S 

19.  94 
19.41 
18.90 
18   -: 
17.91 
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Table  7. — Life  Table  for  Total  Negroes  in  the  United  States:  1939-1941 — Continued 


TEAR  OF  AGE 

MORTALITY 
RATE 

OF  100.000  RORN  ALIVE 

STATIONARY  POPULATION' 

AVERAGE  FTTTBE 
LIFETIME 

Period  of  life  between  Iwo  exact  ayes  stated 
(1) 

Number  dying 

per  1.000  alive 

at  beginning  of 

year  of  age 

(2) 

Number  living 

at  beginning  of 

year  of  age 

(3) 

Number  dying 

during  year 

of  age 

(4) 

In  year  "f  age 

In  year  of  age  and 
all  later  years 

Average  number 

of  years  of 

life  remaining 

at  beginning  of 

year  of  age 

(7) 

' x  tor+1 

1,000?. 

/. 

rfz 

£. 

T. 

h 

5.5-56      _ 

56-57 

57-58 

58-59 

59-60 

60-61 .                       :       _ 

30.  60 

31.  96 
33.28 

34.  54 

35.  77 

37.  00 

38.  25 

39.  56 

40.  95 

42.  43 

44.  00 

45.  67 
47.44 
49.34 
51.  41 

53.  71 
56.  32 
59.29 
62.  68 
66.43 

70.49 
74.  81 
79.  31 
83.  95 
88.  72 

93.  61 

98.  61 

103.  71 

108.  93 
114.  34 

120.  01 
126.  03 
132.  48 
139.  51 
147.  12 

155.  38 
164.  37 
174.  14 
184.  70 
196.  19 

208.  68 
222.  22 
236.  85 
252.  63 
269.  58 

287.  75 
307.  15 
327.  79 
349.  68 
372.  80 

397.  13 
422.  63 
449.  24 
476.  94 
505.  68 

535.  48 
566.  42 
598.  66 

54,  846 
53,  167 
51,  468 
49,  755 
48,  037 

46,  318 
44,  604 
42,  898 
41,  201 
39,  514 

37,  838 
36,  173 
34,  521 
32,  883 
31,261 

29,  654 
28,  061 
26,  481 
24,  911 
23,  349 

21,798 
20,  262 
18,  746 

17,  259 
15,  810 

14,  408 
13,  059 
11,  771 
10,  550 
9,401 

8,326 
7,327 
6,404 
5,  555 
4,  780 

4,077 
3,443 
2,877 
2,376 
1,937 

1,557 

1,232 

959 

731 

547 

399 
284 
197 
132 
86 

54 
33 
19 
10 

5 

3 

1 
t 

1,679 
1,  699 
1,713 
1,718 
1,719 

1,714 
1,706 
1,697 
1,687 
1,676 

1,665 
1,  652 
1,638 
1,  622 
1,607 

1,593 
1,  580 
1,  570 
1,  562 
1,551 

1,536 
1,516 
1,487 
1,449 
1,402 

1,349 
1,288 
1,221 
1,  149 
1,075 

999 
923 
849 
775 
703 

634 

566 

501 

439' 

380 

325 
273 
228 
184 
148 

115 
87 
65 
46 
32 

21 

14 

9 

5 

2 

2 
0 

1 

54,  007 
52,  318 
50,  611 
48,  896 
47,  178 

45,  461 
43,  751 
42,  050 
40,  358 
38,  675 

37,  006 
35,  347 
33,  702 
32,  072 
30,  457 

28,  858 
27,  271 
25,  695 
24, 130 
22,574 

21,  030 
19,  504 
18,  002 
16,  535 
15,  109 

13,  733 
12,415 
11,  161 

9,  976 
8,864 

7,826 
6,865 
5,980 
5,  167 
4,429 

3,760 
3,  161 
2,627 
2,  156 
1,748 

1,395 

1,095 

845 

639 

473 

342 
241 
165 
109 
70 

43 
26 

15 
S 

4 

2 

n 

i 

955,  938 
901,  931 
849,  613 
799,  002 
750, 106 

702,  928 
657,  467 
613,  716 
571,  666 
531,  308 

492,  633 
455,  627 
420,  280 
386,  578 
354,  506 

324,  049 
295,  191 
267,  920 
242,  225 
218,  095 

195,  521 

174,  491 
154,  987 
136,  985 
120,  450 

105,  341 
91,  608 
79,  193 
68,  032 
58,  056 

49,  192 
41,  366 
34,  501 
28,  521 
23,  354 

18,  925 

15,  165 

12,  004 

9,377 

7,221 

5,473 
4,078 
2,983 
2,  138 
1,499 

1,026 
684 
443 
278 
169 

99 
56 
30 

15 

7 

3 
1 

1 

17.43 

16.  96 
16.  51 
16.06 
15.  62 

15.  18 

61-62 

62-63 

63-64 

64-65 

65-66 

14.  74 
14.  31 
13.  87 
13.45 

13.  02 

66-67  __ 

12.  60 

67-68 

12.  17 

68-69 .. 

11.  76 

69-70 __ 

11.  34 

70-71 

10.  93 

71-72 .     __        _____   ___ 

10.  52 

72-73 __     ._ 

10.  12 

73-74 

9.  72 

74-75 

9.  34 

7.5-76 

8.  97 

76-77 

8.  61 

77-78 

8.  27 

78-79 ___                  

7.  94 

79-80 

7.  62 

80-81.         -__                                    

7.  31 

81-82     .     _ 

7.  01 

82-83 _   _ 

6.  73 

83-84 

6.  45 

84-85        __   _ 

6.  18 

85-86 

5.  91 

86-87      _     _                    ________ 

5.  65 

87-88  _                                           _    _           _ 

5.  39 

88-89 

5.  13 

89-90 

4.  89 

90-91 

4.  64 

91-92 ___ 

4.  40 

92-93        . 

4.  17 

93-94 

3.  95 

94-95_     _         _                  __ _ 

3.  73 

95-96 

3.  51 

96-97_     ___   _                                    _   _        _   _ 

3.  31 

97-98 

3.  11 

98-99 

2.  92 

99-100 

2.  74 

100-101 

2.  57 

101-102 ___        _    _    _ 

2.  40 

102-103 ■ .        _    ___    ___    _    ___ 

2.  25 

103-104_     __          _    .          __    _    _ 

2.  10 

104-105 _    . 

1.  96 

105-106__       _    _          _          ______ 

1.  S3 

106-107 _    _        .    .    _._ 

1.  71 

107-108__ 

1.  59 

108-109 __        _____ 

1.  49 

109-110.  . 

1.  38 

110-111 _   ___   ...   _   

1.  29 

111-112 -__     _.    _     .    ._ 

1.  20 

112-113 _-_ _ 

1.  10 

Note. — Rates  of  mortality  at.  ages  above  87  are  not  based  on  actual  statistics  at  these  ages,  but  have  been  obtained  by  mathematical  extrapolation  from  mortality  rates 
at  younger  ages.    Other  life  table  functions  at  these  ages  are  based  on  the  extrapolated  rates  of  mortality,  and  may  not  necessarily  represent  actual  conditions. 
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Table  8. — Life  Table  for  Xegro  Males  in  the  United  States:  1939-1941 


TEAR  OF  AGE 


MOBTALITT 

BATE 


OF  100,000  BORN  ALIVE 


STATIONARY  POPULATION" 


AVEEAHE  FT  TUBE 
LIFETIME 


Teriod  of  life  between  two  exact  ages  stated' 


0) 


Number  dying 

per  1,000  alive 

at  beginning  of 

year  of  age 

(2) 


Number  living 

at  beginning  of 

year  of  age 


(3) 


Number  dying 

during  year 

of  age 


(4) 


In  year  of  age 


' 


In  yfar  of  age  and 
all  later  years 


(6) 


Average  number 

of  year?  "f 

life  remaining 

at  beginning  of 

year  of  age 


x  to  x+1 


1,000s, 


T, 


0-1— 
1-2— 

2-3— 

3-4— 
4-5— 

5-6— 
6-7— 
7-8— 
8-9— 
9-10- 

10-11. 
11-12. 
12-13. 
13-14. 
14-15. 

15-16. 

16-17. 
17-18. 
18-19. 
19-20 

20-21. 
21-22. 
22-23. 
23-24 
24-25. 

25-26 
26-27. 
27-28. 
28-29 
29-30 

30-31. 
31-32 
32-33 
33-34 
34-35 

35-36 
36-37 
37-38 
38-39 
39-40 

40-41 
41-42 
42-43 
43-44 
44-45 

45-46 
46-47 
47-48 
48-49 
49-50 

50-51 
51-52 
52-53 
53-54 
54-55 


82.  28 

100,000 

9.  37 

91,  772  j 

4.  32 

90,  912 

2.  69 

90,  520 

2.  16 

90,  276 

1.  86 

90,  082 

1.  63 

89,  914 

1.  47 

89,  767 

1.  37 

89,  635 

1.  34 

89,  512 

1.38 

89,  393 

1.  49 

89,  270 

1.  67 

89,  137 

1.  94 

88,  988 

2.  31 

88,  815 

2.74 

88,  610 

3.  20 

88,  368 

3.  69 

88,  085 

4.  22 

87,  760 

4.  83 

87,  389 

5.  44 

86,968 

6.  02 

86,  494 

6.  50 

85,  974 

6.  85 

85.416 

7.  11 

84,831 

7.33 

84,227 

7.  54 

83,  610 

7.  80 

82,  979 

8.  10 

82,  332 

8.40 

81,  665 

8.72 

80,  979 

9.  06 

80,  273 

9.  43 

79,  545 

9.  83 

78,  796 

10.  25 

78,  021 

10.71 

77,  221 

11.21 

76,  394 

11.  74 

7.5,  538 

12.  30 

74,  651 

12.93 

73,  733 

13.  62 

72,  780 

14  40 

71,  788 

15.  28 

70,  755 

16.  29 

69,  673 

17.  40 

68,  538 

18.  59 

67,  346 

19.  86 

66,  094 

21.  18 

64,  781 

22.  55 

63,  409 

23.  94 

61,  979 

25.36 

60,  495 

26.  79 

58,  961 

28.  23 

57,  382 

29.  66 

55,  762 

31.08 

54108 

8,  228 
860 
392 
244 
194 

168 
147 
132 
123 
119 

123 
133 
149 
173 
205 

242 
283 
325 
371 
421 

474 
520 
558 
585 
604 

617 
631 
647 
667 
686 

706 
728 
749 
775 
800 

827 
856 
887 
918 
953 

992 
1,033 
1,082 
1,  135 
1,  192 

1,252 
1,313 
1,372 
1,430 
1,484 

1,  534 
1,  579 
1,  620 
1.  654 
1,682 


93 
91 
90 
90 
90 

89 
89 
89 
89 
89 

89 
89 
89 
88 
88 

88 
88 
87 
87, 
87| 

86 
86; 
85 
85 
84 

83 
83 
82 
81 
81 

80 
79 
79 


76. 
75 
75 
74, 
73 

72 
71 
70 

69 
67 

>\c, 
65 
64 
62 
61 

59 

5 

56 
54 
53 


282 
265 
704 
393 
175 

998 
841 
701 
573 
453 

331 
204 
062 
902 
713 

489 

226 
922 
575 
179 

731 
234 
695 
123 
529 

919 
294 
656 
999 

322 

625 
910 
170 
408 
622 

807 
966 
095 
191 
256 

284 
272 
214 
106 
942 

721 
437 
096 
694 
237 

728 
172 
571 
935 
267 


5,  225,  657 
5,  132,  375 
5,041,  110 
4.  950,  406 
4,  860,  013 

4,  769,  838 
4.  679,  840 
4.  589,  999 
4,  500,  298 
4,  410,  725 

4,  321,  272 
4,  231,941 
4.  142,  737 
4,  053.  675 
3,  964.  773 

3,  876,  060 
3,  787,  571 
3,  699,  345 
3,  611,423 
3,  523,  848 

3,  436,  669 
3,  349,  938 
3.  263,  704 
3,  178,  009 
3,  092,  886 

3,  008,  357 
2,  924,  438 
2,  841,  144 
2,  758,  488 
2.  676,  489 

2.  595.  167 
2,  514.  542 
2,  434,  632 
2.  355,  462 
2.  277,  054 

2,  199,  432 
2.  122,  625 
2,  046,  659 
1,  971,  564 
1,  897,  373 

1,  824,  117 
1,  751,  833 
1,  680,  561 
1,  610,  347 
1,  541,  241 

1,  473,  299 
1,  406,  578 
1.  341,  141 
1,  277,  045 
1,  214.  351 

1,  153,  114 

1,  093.  386 

1,  035,  214 

978,  643 

923.  708 


52.  26 
55.  93 
55.  45 
54  69 
53.83 

52.  95 
52.  05 
51.  13 
50.  21 
49.28 

48.34 

47.  41 
46.  48 
45.  55 
44  64 

43.74 
42.86 
42.00 
41.  15 
40.  32 

39.  52 
38.  73 
37.96 
37.  21 
36.  46 

35.  72 
34.98 
34.  24 
33.  50 
32.  77 

32.  05 
31.  32 
30.  61 
29.  89 
29.  19 

28.  48 
27.  79 
27.  09 
26.41 
25.73 

25.  06 
24  40 
23.  75 
23.  11 
22.49 

21.88 
21.  28 
20.  70 
20.  14 
19.  59 

19.06 
18  54 
18.04 

17.  55 
17.07 
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Table  8. — Life  Table  foe  Negro  Males  in  the  United  States:  1939-1941 — Continued 


YEAR  OF  AGE 

MORTALITY 
RATE 

OP  100,000  BORN  ALIVE 

STATIONARY  POPULATION 

AVERAGE  FUTURE 
LIFETIME 

Period  of  life  between  two  exact  ages  stated 
0) 

Number  dying 

per  1,000  alive 

at  beginning  of 

year  of  age 

(2) 

Number  living 

at  beginning  of 

year  of  age 

(3) 

Number  dying 

during  year 

of  age 

(4) 

In  year  of  age 

(5) 

In  year  of  age  and 
all  later  years 

(6) 

Average  number 

of  years  of 

life  remaining 

at  beginning  of 

year  of  age 

(7) 

x  toz+1 

1,000?, 

h 

d* 

L, 

7', 

€x 

55-56 ' 

56-57 .   

32.48 
33.  86 
35.20 
36.  50 

37.79 

39.  10 
40.45 
41.89 
43.  43 
45.08 

46.85 
48.75 
50.  77 
52.94 
55.32 

57.99 
61.04 
64.  55 
68.  57 
73.09 

78.03 
83.36 
89.02 
94.95 
101.  07 

107.  30 
113.  53 
119.  69 
125.  73 
131.  73 

137.  83 
144.  15 
150.  83 
157.  99 
165.  74 

174.  17 
183.  40 
193.  52 
204.  63 
216.  85 

230.  27 
245.  00 
261.  13 

278.  77 
298.  02 

319.  00 
341.  78 
366.  49 
393.  22 
422.  08 

453.  17 
486.  58 
522.  44 
560.  82 
601.  85 

52,  426 
50,  723 
49,006 
47,  281 
45,  555 

43,  833 
42,  119 
40,  415 
38,  722 
37,  041 

35,  371 
33,  714 
32,  070 
30,  442 
28,  831 

27,  236 
25,  656 
24,  090 
22,  535 
20,  990 

19,  456 
17,  938 
16,  442 
14,  979 
13,  556 

12,  186 

10,  879 

9,  644 

8,489 

7,422 

6,444 
5,556 
4,  755 
4,038 
3,400 

2,836 
2,342 
1,913 
1,543 
1,227 

961 

740 
558 
413 
298 

209 

142 

94 

59 

36 

21 

11 

6 

3 

1 

1,703 

1,717 
1,725 
1,726 
1,  722 

1,714 
1,704 
1,693 
1,681 
1,670 

1,657 
1,644 
1,628 
1,611 
1,595 

1,580 
1,566 
1,555 
1,  545 
1,534 

1,  518  - 

1,496 

1,463 

1,423 

1,370 

1,307 
1,235 
1,  155 
1,067 
978 

888 
801 
717 
638 
564 

494 
429 
370 
316 
266 

221 

182 

145 

115 

89 

67 
48 
35 
23 
15 

10 
5 
3 
2 

1 

51,  575 
49,  865 
48,  143 
46,  417 
44,  694 

42,  976 
41,  268 
39,  569 
37,  881 
36,  206 

34,  543 
32,  892 
31,  256 
29,  636 
28,  033 

26,  446 
24,  874 
23,  312 
21,  763 
20,  223 

18,  696 
17,  190 
15,  711 
14,  267 
12,  871 

11,  533 

10,  261 

9,067 

7,955 

6,  933 

6,001 
5,  155 
4,397 
3,719 
3,  118 

2,589 
2,  128 
1,728 
1,384 
1,094 

851 
649 
485 
355 
254 

175 

118 

77 

47 

29 

16 
8 
5 
2 
1 

870,  441 
818,  866 
769,  001 
720,  858 
674,  441 

629,  747 
586,  771 
545,  503 
505,  934 
468,  053 

431,  847 
397,  304 
364,  412 
333,  156 
303,  520 

275,  487 
249,  041 
224,  167 
200,  855 
179,  092 

158,  869 
140,  173 
122,  983 
107,  272 
93,  005 

80,  134 
68,  601 
58,  340 
49,  273 
41,  318 

34,  385 
28,  384 
23,  229 
18,  832 
15,  113 

11,  995 
9,406 
7,278 
5,550 
4,  166 

3,072 
2,221 

1,572 

1,087 

732 

478 
303 
185 
108 
61 

32 

16 

8 

3 

1 

16.  60 
16.  14 

57-58  

15.  69 

58-5!) 

15.  25 

59-60 

60-61 .   .__-. 

14.81 
14.  37 

61-62 _     _. 

13.  93 

62-63 • 

13.  50 

63-64     . 

13.  07 

64-65 

65-66  

12.  64 
12.  21 

66-67 

11.  78 

67-68 

11.  36 

68-69 

10.  94 

69-70 . 

10.  53 

70-71 

10.  11 

71-72 •_. 

9.  71 

72-73 . 

9.  31 

73-74 

8.  91 

74-75 

8.  53 

75-76^. 

8.  17 

76-77  

7.  81 

77-78  

7.  48 

78-79 .  '_    

7.  16 

79-80 

6.  86 

80-81 -     .. 

6.  58 

81-82 

6.  31 

82-83 

6.  05 

83-84 

5.  80 

84-85 

5.  57 

85-86 

5.34 

86-87 

5.  11 

87-88 

4.  89 

88-89 

4.  66 

89-90 .."___ 

4.45 

90-91 

4.  23 

91-92 

4.  02 

92-93 

3.  80 

93-94 

3.  60 

94-951 

3.  39 

95-96 

3.  20 

96-97 

3.  00 

97-98 

2.  82 

98-99 .    _    

99-100 

2.  63 
2.  46 

100-101 

2.29 

101-102 

2.  13 

102-103 

103-104 

1.  97 
1.  83 

104-105 

1.  69 

105-106 

1.  56 

106-107 

1.  43 

107-108 

108-109 

109-110 

1.31 
1.20 
1.  10 

Note. — Rates  of  mortality  at  ages  above  92  are  not  based  on  actual  statistics  at  these  ages,  but  have  been  obtained  by  mathematical  extrapolation  from  mortality  rates 
at  younger  ages.    Other  life  table  functions  at  these  ages  are  based  on  the  extrapolated  rates  of  mortality,  and  may  not  necessarily  represent  actual  conditions. 
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UNITED  STATES  LIFE  TABLES  AND  ACTUARIAL  TABLES 


Table  9. — Life  Table  for  Negro  Females  in  the  United  States:  1939-1941 


TEAR  OF  AGE 

MORTALITY 
B*TE 

OF  100.000  BORN  ALIVE 

STATIONARY  POPTLATION 

AYEBAOE  Ft-TVEE 
LIFETIME 

Period  of  life  between  two  exact  ages  slated 
0) 

Number  dying 

per  1,000  alive 

at  beginning  of 

year  of  age 

(2) 

Number  living 

at  beginning  of 

year  of  age 

(3) 

Number  dying 

during  year 

of  age 

(4) 

In  year  of  age 
(5) 

In  year  of  age  and 
all  later  years 

(0 

Average  number 

of  years  of 

life  remaining 

at  beginning  of 

year  of  age 

(7) 

x  to  x+i 

1,0009. 

I, 

dt 

L, 

Tz 

'■ 

0-1        .      .    ...    .    ...    ...    .        

65.  84 
7.  96 
3.  72 

2.  48 
2.09 

1.  75 
1.  46 
1.  23 
1.08 
1.01 

1.04 
1.  16 
1.  40 
1.  82 
2.41 

3.07 

3.  71 

4.  24 

4.  65 
5.01 

5.32 

5.  59 

5.  83 

6.  03 
6.  16 

6.27 
6.40 
6.  57 

6.  80 
7.05 

7.  33 

7.  64 
7.99 

8.  37 

8.  80 

9.24 

9.  71 
10.20 

10.  70 

11.  23 

11.81 
12.46 

13.  20 

14.  05 
14.99 

16.  02 

17.  11 

18.  24 
19.42 

20.  62 

21.  87 

23.  15 

24.  47 

25.  83 
27.  21 

100,  000 
93,410 
92,  672 
92,  327 
92,  099 

91,  906 
91,  746 
91,612 
91,  499 
91,  400 

91,308 
91,213 
91,  107 
90,  979 
90,  813 

90,  594 
90,  316 
89,  981 
89,  600 
89,  183 

88,  736 
88,  264 
87,  770 
87,  258 
86,  733 

86,  198 
85,  658 
85,  110 
84,  551 
83,  976 

83,  384 
82,  773 
82,  141 
81,  485 
80,  803 

80,  092 
79,  352 
78,  581 
77,  780 
76,  948 

76,  084 
75,  186 
74,  249 
73,  269 
72,  240 

71,  157 
70,  017 
68,  819 
67,  564 
66.  252 

64,  885 
63,  466 
61,  997 
60,  480 
58,  917 

6,  584 
744 
345 
228 
193 

160 

134 

113 

99 

92 

95 
106 
128 
166 
219 

278 
335 
381 
417 
447 

472 
494 
512 
525 
535 

540 
548 
559 
575 
592 

611 
632 
656 
682 
711 

740 
771 

801 
832 
864 

898 

937 

980 

1,029 

1,083 

1,  140 
1,  198 
1,  255 
1,  312 
1,367 

1,419 

1,469 
1,517 
1,563 

1.  603 

94,  657 
92,  977 
92,  489 
92,  208 
91,999 

91,  826 
91,  679 
91,  556 
91,450 
91,  354 

91,  260 
91,  160 
91,  042 
90,  896 
90,  704 

90,  456 
90,  149 
89,  790 
89,  391 
88,  959 

88,  500 
88,017 
87,  515 
86,  995 
86,  465 

85,  928 
85,  384 
84,  831 
84,263 
83,  680 

83,  079 
82,  457 
81,813 
81.  144 
80,  447 

79,  722 
78,  966 
78,  181 
77,  363 
76,  516 

75,  635 
74,  717 
73,  759 
72,  754 
71,  698 

70,  587 
69,  418 
68,  191 
66,  908 
65,  568 

64,  176 
62,  732 
61,  238 
59,  699 
58,  115 

5,  556,  051 
5,  461,  394 
5,  368,  417 
5,  275,  928 
5,  183,  720 

5,091,  721 
4,  999,  895 
4,  908,  216 
4,  816,  660 
4,  725,  210 

4,  633,  856 
4,  542,  596 
4,451,436 
4,  360,  394 
4,  269,  498 

4,  178,  794 
4,  088,  338 
3,  998,  189 
3,  908,  399 
3,  819,  008 

3,  730,  049 
3,  641,  549 
3,  553,  532 
3,466,017 
3,  379,  022 

3,  292,  557 
3,  206,  629 
3,  121,  245 
3,  036,  414 
2,  952,  151 

2,  868,  471 
2,  785,  392 
2.  702.  935 
2,  621.  122 
2,  539,  978 

2,  459,  531 
2,  379,  809 
2,  300,  843 
2,  222.  662 
2,  145,  299 

2.  068,  783 
1.  993,  148 
1,918.431 
1,  844,  672 
1,  771,  918 

1,  700,  220 
1,  629,  633 
1,  560,  215 
1,  492,  024 
1,  425,  116 

1,  359,  548 
1,  295,  372 
1,  232,  640 
1,  171,  402 
1,  111,  703 

55.  50 

1-2 _   

58.  46 

2-3     —   .                ._-   ...   _   . 

57.  93 

3-4     _   ..           ...   . 

57.  14 

4-5     .     .          .   _             .              _   

56.  28 

5-6  ..     ..   ...     ..              .-       .   ..   

55.  40 

6-7 

7-8 

54.  50 
53.  58 

8-9 ...   ..       .-     .   . 

52.  64 

9-10  .     _   ...   .   -.   ... 

51.  70 

10-11     ...-    -_   .       . 

50.  75 

11-12 

49.  80 

12-13 ... 

48.  86 

13-14.     .     .         ...        .___._.         .     __ 

47.  93 

14-15 

47.  01 

15-16 

46.  13 

16-17 

45.  27 

17-18-     . 

44.  43 

18-19 

43.  62 

19-20 

42.  82 

20-21 

42.  04 

21-22 - 

41.  26 

22-23 

40.  49 

23-24 

39.  72 

24-25 

38.  96 

25-26 

38.  20 

26-27 

37.44 

27-28 

36.  67 

28-29 

35.  91 

29-30 

35.  15 

30-31 

34.  40 

31-32 

33.  65 

32-33.--         -       -----        -_ 

32.  91 

33-34 

32.  17 

34-35 

31.43 

35-36-     ..           .------...-. 

30.  71 

36-37 

29.  99 

37-38 

29.  28 

38-39 

28.  58 

39-40 . 

27.  88 

40-41 

27.  19 

41-42 

26.  51 

42-43 

•25.  84 

43-44       ....        -    -    

25.  18 

44-45 

24.  53 

45-46 

23.  89 

46-47 

23.27 

47-48 

22.  67 

48-49 

22.  08 

49-50 

21.  51 

50-51       ._   -_.                   .     _.       . 

20.  95 

51-52 

20.  41 

52-53 

19.  88 

53-54 

19.  37 

54-55 

18.  87 

LIFE  TABLES 
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TEAR  OF  AGE 

MORTALITY 
RATE 

OF  100,000  BORN  ALIVE 

STATIONARY  POPULATION 

AVERAGE  FTJTUBE 
LIFETIME 

Period  of  life  between  two  exact  ages  stated 
(1) 

Number  dying 

per  1,000  alive 

at  beginning  of 

year  of  age 

(2) 

Number  living 

at  beginning  of 

year  of  age 

(3) 

Number  dying 

during  year 

of  age 

(4) 

In  year  of  age 
(5) 

In  year  of  age  and 
all  later  years 

(6) 

Average  number 

of  years  of 

life  remaining 

at  beginning  of 

year  of  age 

(7) 

X  tO.T+1 

l,000ff. 

U 

<f- 

I, 

Ti 

h 

55-56 ____.__-_      _-_--- 

28.  58 
29.92 
31.  21 
32.42 

33.  58 

34.  72 

35.  86 
37.03 

38.  25 

39.  54 

40.  90 
42.33 
43.  84 

45.  44 
47.  18 

49.  12 
51.29 
53.76 
56.  55 
59.63 

62.  94 
66.  41 
69.  98 
73.62 
77.37 

81.  27 
85.  40 
89.  81 
94.  57 
99.  71 

105.  29 
111.  35 
117.  93 
125.  09 
132.  87 

141.  32 
150.  48 
160.  40 
171.  12 
182.  70 

195.  17 
208.  58 
222.  99 
238.  43 
254.  96 

272.  61 
291.43 
311.  48 
332.  80 
355.  43 

379.  41 
404.  81 
431.  65 
460.  00 
489.  88 

521.  36 

554.  48 
589.  28 
625.  81 

57,  314 
55,  676 
54,  010 
52,  324 
50,  628 

48,  928 
47,  229 
45,  535 
43,  849 
42,  171 

40,  504 
38,  848 
37,  203 
35,  573 
33,  956 

32,  354 
30,  765 
29,  187 
27,  618 
26,  056 

24,  502 
22,  960 
21,  435 
19,  935 
18,  467 

17,  039 
15,  654 
14,  317 
13,  031 
11,  799 

10,  622 
9,504 
8,446 
7,450 
6,  518 

5,652 
4,  853 
4,  123 
3,461 
2,869 

2,  345 
1,887 
1,494 
1,  161 
884 

659 
479 
339 
234 
156 

100 
62 
37 

21 
11 

6 
3 

1 
1 

1,638 
1,  666 
1,686 
1,696 
1,700 

1,699 
1,694 
1,686 
1,678 
1,667 

1,  656 
1,  645 
1,  630 
1,617 
1,602 

1,589 
1,578 
1,  569 
1,  562 
1,  554 

1,542 
1,525 
1,500 
1,468 
1,  428 

1,  385 
1,337 
1,286 
1,232 
1,177 

1,  118 

1,  058 

996 

932 

866 

799 
730 
662 
592 
524 

458 
393 
333 
277 
225 

180 

140 

105 

78 

56 

38 
25 
16 
10 
5 

3 
2 
0 

1 

56,  495 
54,  843 
53,  168 
51,  476 

49,  778 

48,  078 
46,  382 
44,  692 
43,  010 
41,  338 

39,  675 
38,  026 
36,  388 
34,  764 
33,  155 

31,  560 
29,  975 
28,  403 
26,  837 
25,  279 

23,  731 
22,  198 
20,  685 
19,  201 
17,753 

16,  347 
14,  985 
13,  674 
12,  415 
11,211 

10,  063 
8,975 
7,948 
6,983 
6,  085 

5,  252 
4,488 
3,792 
3,  166 
2,607 

2,  116 
1,690 
1,327 
1,022 
772 

568 
410 
286 
195 
128 

82 
49 
29 
17 

8 

5 
2 
0 

1 

1 , 053,  588 
997,  093 
942,  250 
889,  082 
837,  606 

787,  828 
739,  750 
693,  368 
648,  676 
605,  666 

564,  328 
524,  653 
486,  627 
450,  239 
415,  475 

382,  320 
350,  760 
320,  785 
292,  382 
265,  545 

240,  266 
216,  535 
194,  337 
173,  652 
154,  451 

136,  698 

120,  351 

105,  366 

91,  692 

79,  277 

68,  066 
58,  003 
49,  028 
41,  080 
34,  097 

28,  012 
22,  760 
18,  272 
14,  480 
11,  314 

8,707 
6,  591 
4,  901 
3,  574 
2,  552 

1,780 

1,212 

802 

516 

321 

193 

111 

62 

33 

16 

8 
3 

1 
1 

18.  38 

56-57  __      _-_ _--    -    -      - 

17.  91 

57-58 --_   _-_    -    --_    --_ 

17.  45 

58-59  -     .     -.     ._-_-___   _ 

16.  99 

59-60  -     _---_-     _______ 

16.  54 

60-81     -_   _   .   

16.  10 

61-62 . 

15.  66 

62-63                   -       -     -   -    -   - 

15.  23 

63-64                       .          '_____'____ 

14.  79 

64-65 ____.-'_ 

14.  36 

65-66 _-_---- 

13.  93 

66-67      -    .   -     __---     -     _ 

13.  51 

67-68 

13.  08 

68-69 -   _.         _--_-- 

12.  66 

69-70 _   --.    .   .- 

12.  24 

70-71 _   -    - 

11.  82 

71-72 

72-73 --_   -   . .   . 

11.  40 
10.  99 

73-74 -_-    -   -   -. 

10.  59 

74-75 .    -   -         _   _     _. 

10.  19 

75-76 

9.  81 

76-77 

9.  43 

77-78 

9.  07 

78-79 

8.  71 

79-80 .   __     _- 

8.  36 

80-81 -   - - 

8.  02 

81-82      .   _   . 

7.  69 

82-83 .-                   -        -     --. 

7.  36 

83-84 -   -         .   _     _ 

7.  04 

84-85          .-   -     _ 

6  72 

85-86 -   .     -- 

6.  41 

86-87 

6.  10 

87-88 _   _ 

5.  81 

88-89 

5.  51 

89-90 . 

5.  23 

90-91 

4.  96 

91-92 . 

4.  69 

92-93 

4.  43 

93-94 

4.  18 

94-95 - 

3.  94 

95-96 

3.  71 

96-97 --_   - 

3.  49 

97-98 

3.  28 

98-99 

3.  08 

99-100 -__   .-     .   ...    --_ 

2.  89 

100-101 -       -        - 

2  70 

101-102..     ..     

2.  53 

102-103 ....     _ 

2  36 

103-104 

2.  21 

104-105-         .    -    --      __    _- ... 

2.  06 

105-106 

1.  92 

106-107 

1.  79 

107-108 -   _ 

1.  66 

108-109 

1.  54 

109-110 . 

1.  43 

110-111 .- 

1.  33 

111-112 -   . 

1.  23 

112-113 

1.  13 

113-114 

1.  04 

Note. — Rates  of  mortality  at  ages  above  87  are  not  based  on  actual  statistics  at  these  ages,  but  have  been  obtained  by  mathematical  extrapolation  from  mortality  rates 
at  younger  ages.    Other  life  table  functions  at.  these  ages  are  based  on  Die  extrapolated  rates  of  mortality,  and  may  not  necessai  ily  represent  actual  conditions, 
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UNITED  STATES  LIFE  TABLES  AND  ACTUARIAL  TABLES 


Table  10. — Life  Table  for  Total  Other  Races1  in'  the  Uxited  States:  1939-1941 


TEAR  OF  AGE 


MORTALITY 
BATE 


OF  100,000  BORN*  ALIVE 


STATIONARY  POPULATION" 


AVERAGE  FUTURE 
LIFETIME 


Period  of  life  between  two  exact  ages  stated 


(1) 


x  to  1+1 


0-1 

1-2 

2-3 

3-4 

4-5 

5-6 

6-7 

7-8 

8-9 

9-10 

10-11-1 

11-12 

12-13 

13-14 

14-15 

15-16 

16-17 

17-18 

18-19 

19-20  

20-21 

21-22 

22-23 

23-24 

24-25 

25-26 

26-27 

27-28 

28-29 

29-30 

30-31 

31-32 

32-33 

33-34 

34-35 

35-36 

36-37 

37-38 

38-39 

39-40 

40-41 

41-42 

42-43 

43-44 

44-45 

45-46 

46-47 

47-48 

48-49 

49-50 

50-51 

51-52 

52-53 

53-54 

54-55 

All  except  white  and  Negro 


Number  dying 

per  1,000  alive 

'  at  beginning  of 

year  of  age 

(2) 


l.OOOji 


Number  living   ,   Number  dying 
at  beginning  of   ]      during  year 
year  of  age  of  age 


(3) 


W 


In  year  of  age 


(5) 


93.03 

100,  000 

20.  37 

90,  697 

9.73 

88,  850 

5.  31 

87,  986 

3.91 

87,  519 

3.  20 

87,  177 

2.  67 

86,  898 

2.30 

86,  665 

2.08 

86,  466 

1.  97 

86,  286 

1.  98 

86,  116 

2.08 

85,  945 

2.  24 

85,  767 

2.  52 

85,  574 

2.  92 

85,  359- 

3.38 

85,  110 

3.  86 

84,822 

4.  28 

84,494 

4.  69 

84,  132 

5.  10 

83,  738 

5.50 

83,311 

5.83 

82,  853 

6.07 

82,  370 

G.  19 

81,  869 

6.  19 

81,  363 

6.  15 

80,859 

6.  10 

80,  362 

6.  12 

79,  871 

6.  18 

79,  383 

6.28 

78,  892 

6.38 

78,  397 

6.50 

77,  896 

6.63 

77,  390 

6.75 

76,  877 

6.  89 

76,  357 

7.  04 

75,  831 

7.  21 

75,  297 

7.42 

74,  754 

7.65 

74,  200 

7.  93 

73,  632 

8.  23 

73,  048 

8.  58 

72,  447 

8.96 

71,  825 

9.38 

71,  182 

9.  84 

70,  515 

10.37 

69,  821 

10.  96 

69,  097 

11.  64 

68,  340 

12.  40 

67,  544 

13.  24 

66,  707 

14.  16 

65,  824 

15.  14 

64,  892 

16.  17 

63,  909 

17.25 

62,  876 

18.  40 

61,  791 

dz 


9,  303 

1,847 
S64 
407 
342 

279 
233 
199 
180 
170 

171 
178 
193 
215 
249 

288 
328 
362 
394 
427 

458 
483 
501 
506 
504 

497 
491 
488 
491 
495 

501 
506 
513 
520 
526 

534 
543 

554 
568 
584 

601 
622 
643 
667 
694 

724 
757 
796 
837 
883 

932 

983 

1,033 

1.085 

1,  137 


In  year  of  age  and 
all  later  years 


(6) 


Average  number 

of  years  of 

life  remaining 

at  beginning  of 

year  of  age 

(7) 


T, 


93,  110 
89,  607 
88,  392 
87,  743 
87,  340 

87,  038 
86,  781 
86,  566 
86,  376 
86,  200 

86,  031 
85,  856  i 
85,670  ! 
85,  467 
85,  234 

84,966 
84,  658 
84,313 
83,935 
83,  525 

83,  082 
82,611 
82,  120 
81,  616 
81,  111 

80,  610 
80,  117 
79,  627 
79,  137 
78,644 

78,  147 
77,  643 
77,  133 
76,  617 
76,  094 

75,  565 
75,  026 
74,476 
73,  916 
73,  340 

72,  748 
72,  136 
71,  504 
70,  848 
70,  168 

69,  459 
68,  718 
67,  942 
67,  126 
66,  265 

65,  358 
64,400 
63,  392 
62,  334 
61,  222 


5,  435,  389 
5,  342,  279 
5,  252,  672 
5,  164,  280 
5,  076,  537 

4,  989,  197 
4,  902,  159 
4,  815,  378 
4,  728,  812 
4,  642,  436 

4,  556,  236 
4,  470,  205 
4,  384,  349 
4,  298,  679 
4,  213,  212 

4,  127,  978 
4,  043,  012 
3,  958,  354 
3,  874,  041 
3,  790,  106 

3,  706,  581 
3,  623,  499 
3,  540,  888 
3,  458,  768 
3,  377,  152 

3,  296,  041 
3,  215,  431 
3,  135,  314 
3,  055,  687 
2,  976,  550 

2,  897,  906 
2,  819,  759 
2,  742,  116 
2,  664,  983 
2,  588,  366 

2,  512,  272 
2,  436,  707 
2,  361,  681 
2,  287,  205 
2,  213,  289 

2,  139,  949 
2,  067,  201 
1,  995,  065 
1,  923,  561 
1,  852,  713 

1,  782,  545 
1,  713,  086 
1,  644,  368 
1,  576,  426 
1,  509,  300 

1,  443,  035 
1,  377,  677 
1,  313,  277 
1,  249,  885 
1,  187,  551 


54.  3.: 

58.  90 

59.  12 
58.69 
58.01 

57.23 

56.  41 

55.  56 
54.  69 
53.80 

52.  91 
52.  01 
51.  12 
50.  23 
49.36 

48.  50 
47.  66 
46.85 
46.  05 
45.  26 

44  49 
43.  73 

42.  99 
42.  25 
41.  51 

40.  76 
40.01 
39.25 
38.49 
37.73 

36.96 
36.20 
35.43 
34  67 
33.90 

33.  13 
32.36 
31.  59 
30.  82 
30.  06 

29.30 
28.  53 
27.  78 
27.  02 
26.27 

25.  53 
24  79 
24  06 
23.34 
22.  63 

21.  92 
21.23 
20.  55 
19.88 
19.  22 


LIFE  TABLES 

Table  10. — Life  Table  for  Total  Other  Races1  in  the  United  States:  1939-1941 — Continued 


45 


TEAR  OF  AGE 

MORTALITY 
RATE 

OF  100,000  BORN  ALIVE 

STATIONARY  POPULATION 

AVERAGE  FUTURE 
LIFETIME 

Period  of  life  between  two  exact  ages  stated 
(1) 

Number  dying 

per  1,000  alive 

at  beginning  of 

year  of  age 

(2) 

Number  living 

at  beginning  of 

year  of  age 

(3) 

Number  dying 

during  year 

of  age 

W 

In  year  of  age 
(5) 

In  year  of  age  and 
all  later  years 

(6) 

Average  number 

of  years  of 

life  remaining 

at  beginning  of 

year  of  age 

(7) 

x  tor+1 

l.OOOg* 

U 

dx 

Lx 

T* 

e, 

55-56  ___   ____:._______'■_       .     -        

19.  63 
20.96 
22.41 
24.00 
25.  71 

27.  52 
29.  41 
31.37 
33.  38 
35.48 

37.  71 
40.  12 
42.76 
45.  67 
48.91 

52.  52 
56.  56 
61.08 
66.09 
71.47 

77.02 
82.59 
88.00 
93.  13 
98.  13 

103.  20 

108.  54 
114.  36 
120.  86 
128.  22 

136.  62 

146.  24 
157.  26 
169.  86 
184.  22 

200.  51 
218.  92 
239.  61 
262.  54 
288.  19 

316.  71 
348.  25 
382.  96 
420.  90 
462.  08 

506.  41 
553.  64 
603.  27 
654.  47 
705.  98 

756.  23 

60,  654 
59,  463 
58,  217 
56,  912 
55,  546 

54,  118 
52,  629 
51,081 
49,  478 
47,  827 

46,  130 
44,  391 
42,  610 
40,  788 
38,  925 

37,  022 
35,  077 
33,  093 
31,  072 
29,  019 

26,  945 
24,  869 
22,  815 
20,  808 
18,  870 

17,  018 
15, 262 
13,  605 
12,  049 
10,  593 

9,235 
7,973 
6,807 
5,737 
4,762 

3,885 
3,  106 
2,426 
1,  845 
1,360 

968 
662 
431 
266 
154 

83 

41 

18 

7 

3 

1 

1,  191 
1,246 
1,305 
1,366 
1,428 

1,489 
1,548 
1,  603 
1,651 
1,697 

1,739 

1,781 

1,  822 
1,863 
1,903 

1,945 
1,984 
2,021 
2,053 

2,  074 

2,076 
2,054 
2,007 
1,938 
1,852 

1,756 
1,657 
1,556 
1,456 
1,358 

1,262 

1,  166 

1,070 

975 

877 

779 
680 
581 
485 
392 

306 
231 
165 
112 
71 

42 

23 

11 

4 

2 

1 

60,  058 
58,  840 
57,  565 
56,  229 
54,  832 

53,  374 
51,  854 
50,  280 
48,  653 
46,978 

45,  261 
.  43,  500 
41,  699 
39,  857 
37,  973 

36,  049 
34,  086 
32,  083 
30,  045 
27,  982 

25,  907 
23,  842 
21,  811 
19,  839 
17,  944 

16,  140 
14,  433 
12,  828 
11,321 
9,914 

8,  604 
7,390 
6,272 
5,249 
4,323 

3,496 
2,766 
2,  135 
1,  603 
1,  164 

815 
546 
349 
210 
119 

62 

29 

13 

5 

1 

1 

* 

1,  126,  329 

1,  066,  271 

1,  007,  431 

949,  866 

893,  637 

838,  805 
785,  431 
733,  577 
683,  297 
634,  644 

587,  666 
542,  405 
498,  905 
457,  206 
417,  349 

379,  376 
343,  327 
309,  241 
277,  158 
247,  113 

219,  131 
193, 224 
169,  382 
147,  571 
127,  732 

109,  788 
93,  648 
79,  215 
66,  387 
55,  066 

45,  152 
36,  548 
29,  158 
22,  886 
17,  637 

13,  314 

9,818 
7,052 
4,917 
3,314 

2,  150 

1,335 

789 

440 

230 

111 
49 
20 

7 
2 

1 

18  57 

56-57 

17  93 

57-58-     .--_--_-_         .   .     . 

17.  30 

58-59      .    .   .     

16.  69 

59-60. .-   ... 

16  09 

60-61 -. 

15.  50 

61-62 

14.  92 

62-63 

14  36 

63-64  

13  81 

64-65 

13  27 

65-66 

12.  74 

66-67 . 

12  22 

67-68      .   _1  - 

11.  71 

68-69 -.       

11  21 

69-70 - 

10.  72 

70-71 ..       - 

10  25 

71-72 

9  79 

72-73 

9.  34 

73-74 

8.  92 

74-75 

8.  52 

75-76 ..          ._        

8.  13 

76-77  

7.  77 

77-78 

7.42 

78-79  __. 

7.  09 

79-80  

6  77 

80-81 

6.45 

81-82 : 

82-83 

6.  14 

5.  82 

83-84 

5.  51 

84-85 

5.  20 

85-86 

4.  89 

86-87 

4.  58 

87-88 

4.  28 

88-89 

3.  99 

89-90 

3.  70 

90-91 

3.  43 

91-92 ._._' 

3.  16 

92-93 

2.  91 

93-94 

2.  67 

94-95 

2.  44 

95-96 

2.  22 

96-97 

2.  02 

97-98 

1.  83 

98-99 

1.  65 

99-100 

1.49 

100-101 

1.  34 

101-102  

1.  21 

102-103 

1.  09 

103-104 1 

.98 

104-105 

.  88 

105-106 

.  80 

1  All  except  white  and  Negro. 

Note. — Rates  of  mortality  at  ages  above  87  are  not  based  on  actual  statistic?  at  these  ages,  but  have  been  obtained  by  mathematical  extrapolation  from  mortality  rates 
at  younger  ages.    Other  life  table  functions  at  these  ages  are  based  on  the  extrapolated  rates  of  mortality,  and  may  not  necessarily  represent  actual  conditions. 
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Table  11. — Life  Table  foe  Other  Races,  '  Males  in  the  United  States:  1939-1941 


YEAB  OF  AGE 


MOETALITT 
BATE 


OF  100,000  BOBN  ALIVE 


STATIONAEY  POPULATION 


AVEEAGE  FTTTEE 
LIFETIME 


Period  of  life  between  two  exact  ages  stated 


(1) 


Number  dying 

per  1,000  alive 

at  beginning  of 

year  of  age 

(2) 


Number  living 

at  beginning  of 

year  of  age 


(3) 


Number  dying 

during  year 

of  age 


(4) 


In  year  of  age 


(5) 


In  year  of  age  and 
all  later  years 


(6) 


Average  number 

of  years  of 

life  remaining 

at  beginning  of 

year  of  age 

(7) 


X  tO  2+1 


1,000?* 


£. 


0-1. 
1-2. 
2-3. 
3-4. 

4-5. 


5-6.. 
6-7- 

7-8.. 
8-9-. 
9-10. 


10-11-. 
11-12. 
12-13. 
13-14. 
14-15. 

15-16. 
16-17. 
17-18. 
18-19. 
19-20. 

20-21. 
21-22. 
22-23. 
23-24. 
24-25. 

25-26. 
26-27. 
27-28.. 
28-29. 
29-30. 

30-31. 
31-32- 
32-33. 
33-34. 
34-35. 

35-36. 
36-37. 
37-38. 
38-39- 
39-40- 

40-41. 
41-42. 
42-43. 
43-44. 
44-45. 

45-46- 
46-47. 
47-48. 
48-49. 
49-50. 

50-51. 
51-52. 
52-53. 
53-54. 
54-55. 


98.  63 

20.36 

9.  59 

5.  16 

3.89 

3.30 
2.84 
2.  49 
2.  25 
2.  12 

2.07 
2.  12 

2.  24 
2.48 
2.85 

3.  29 
3.72 

4.  11 
4.45 
4.79 

5.  11 
5.37 
5.  55 


60 
54 


5.43 
5.  35 
5.37 
5.48 
5.66 


5.88 
6.  13 
6.37 

6.  60 
6.83 

7.08 
7.34 
7.63 

7.  96 
8.32 

8.72 

9.  16 

9.63 

10.  15 

10.  72 

11.35 
12.03 

12.  78 

13.  61 
14  50 

15.44 

16.  43 

17.  45 

18.  49 

19.  60 


100,  000 
90,  136 
88,  302 
87,  454 
87,  003 

86,  665 
86,  379 
86,  133 
85,  919 
85,  725 

85,  544 
85,  366 
85,  186 
84,  995 
84,784 

84,542 
84,  264 
83,  950 
83,  606 
83,234 

82,  835 
82,  412 
81,  969 
81,  514 
81,  058 

80,  609 
80,  171 
79,  742 
79,  314 
78,  880 

78,  433 
77,  971 
77,  494 
77,  000 
76,  492 

75,  970 
75,  432 
74,  878 
74,  307 
73,  715 

73,  102 
72,  465 
71,  801 
71,  109 
70,  387 

69,  633 

68,  843 
68,  014 
67,  145 
66,  231 

65,  271 
64,  263 
63,  207 
62,  104 
60,  956 


9,864 

1,  835 

848 

451 

338 

286 
246 
214 
194 
181 

178 
180 
191 
211 
242 

278 
314 
344 
372 
399 

423 
443 
455 
456 
449 

438 
429 
428 
434 
447 

462 
477 
494 
508 
522 

538 
554 
571 
592 
613 

637 
664 
692 
722 
754 

790 

829 
869 
914 
960 

1,008 
1,056 
1,  103 
1,  148 
1,  195 


92,  589 
89,  054 
87,  852 
87,  220 
86,  827 

86,  522 
86,  257 
86,  026 
85,  822 
85,634 

85,  455 
85,  276 
85,  091 
84,889 
84,663 

84,403 
84,  107 
83,778 
83,420 
83,034 

82,  624 
82,  190 
81,  742 
81,  286 
80,  833 

80,  391 
79,  956 
79,  529 
79,  097 
78,  656 

78,  202 
77,  733 
77,  247 
76,  746 
76,  231 

75,  701 
75,  156 
74,  592 
74,  011 
73,  409 

72,784 
72,  133 
71,  455 
70,  748 
70,  010 

69,  238 
68,  429 
67,  579 
66,  689 
65,  751 

64,767 
63,  734 
62,  656 
61,  530 
60,  358 


5,  356,  374 
5,  263,  785 
5,  174,  731 
5,  086,  879 
4,  999,  659 

4,  912,  832 
4,  826,  310 
4,  740,  053 
4,  654,  027 
4,  568,  205 

4,  482,  571 
4,397,  116 
4,311,  840 
4,  226,  749 
4,  141,  860 

4,  057,  197 
3,  972,  794 
3 

3 
3 


888,  687 
804,  909 
721,  489 

638,  455 
555,  831 
473,  641 
391,  899 
310,  613 

229,  780 
149,  389 
069,  433 
989,  904 
910,  807 

832,  151 
753.  949 
676,  216 
598,  969 
522,  223 

445,  992 
370,  291 
295,  135 
220,  543 
146,  532 

073, 123 
000,  339 
928,  206 
856,  751 
786,  003 

715,  993 
646,  755 
578,  326 
510,  747 
444,  058 

378,  307 
313,  540 
249,  806 
187,  150 
125,  620 


53.  56 
58.40 
58.  60 
58.  17 
57.47 

56.  69 
55.87 
55.03 

54.  17 
53.  29 

52.40 
51.  51 
50.  62 
49.  73 
4a  85 

47.99 
47.  15 
46.32 
45.  51 
44.  71 

43.92 
43.  15 
42.38 
41.  61 
40.  84 

40.07 
39.  28 
38.49 
37.  70 
36.  90 

36.  11 
35.  32 
34.  53 
33.  75 
32.97 

32.20 
31.42 
30.  65 
29.  88 
29.  12 

28.36 
27.60 
26.85 
26.  11 
25.37 

24  64 
23.  92 
23.  21 
22.  50 
21.80 

21.  12 
20.44 
19.77 
19.  12 
ia47 


1  All  except  white  and  Negro. 
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YEAH  OF  AGE 

MORTALITY 
BATE 

OF  100,000  BOEN  AXTVE 

STATIONARY  POPULATION 

AVERAGE  FUTURE 
LIFETIME 

Period  of  life  between  two  exact  ages  stated 
(1) 

Number  dying 

per  1,000  alive 

at  beginning  of 

year  of  age 

(2) 

Number  living 

at  beginning  of 

year  of  age 

(3) 

Number  dying 

during  year 

of  age 

(4) 

In  year  of  age 
(5) 

In  year  of  age  and 
all  later  years 

(6) 

Average  number 

of  years  of 

life  remaining 

at  beginning  of 

year  of  age 

OX 

x  to  1+1 

1,000s* 

I, 

d* 

Z,* 

T, 

e, 

55-56 -     -   _   _-    

20.  79 
22.  12 
23.61 
25.  29 

27.  15 

29.  14 
31.23 
33.40 
35.  62 
37.94 

40.43 
43.  14 
46.  14 
49.  49 
53.  22 

57.  36 
61.  96 
67.  04 
72.  60 

78.  54 

84.  70 

90.  93 

97.  09 

103.  09 

109.  04 

115.  11 
121.  47 
128.  28 
135.  72 
143.  92 

153.  01 
163.  12 
174.  38 
186.  94 
200.  91 

216.  43 
233.  63 
252.  64 
273.  60 
296.  64 

321.  89 
349.  48 
379.  54 
412.  21 
447.  61 

485.  88 
527.  15 
571.  55 
619.  21 
670.  28 

724.  86 

59,  761 
58,  518 
57,  224 
55,  873 
54,  459 

52,  981 
51,  437 
49,  831 
48,  167 
46,  451 

44,  689 
42,  882 
41,  033 
39,  139 
37,  202 

35,  223 
33,  202 
31,  145 
29,  057 
26,  947 

24,  831 
22,  728 
20,  661 
18,  655 
16,  732 

14,  908 
13,  192 
11,  589 
10,  103 
8,  731 

7,475 
6,331 
5,  298 
4,374 
3,557 

2,  842 
2,227 
1,  707 
1,276 
927 

652 
442. 
287 
178 
105 

58 

30 

14 

6 

2 

1 

1,243 
1,  294 
1,351 
1,  414 
1,478 

1,  544 
1,606 
1,664 
1,716 
1,762 

1,807 
1,  849 

1,  894 
1,937 
1,979 

2,021 
2,057 
2,088 

2,  110 
2,  116 

2,  103 
2,067 
2,006 
1,923 
1,  824 

1,716 
1,603 
1,486 
1,372 
1,  256 

1,144 

1,033 

924 

817 

715 

615 
520 
431 
349 
275 

210 

155 

109 

73 

47 

28 

16 

8 

4 

1 

1 

59,  140 

57,  871 
56,  548 
55,  166 
53,  721 

52,  209 
50,  634 
48,  999 
47,  310 

45,  570 

43,  786 
41,  957 
40,  086 
38,  171 
36,  212 

34,  213 
32,  173 
30,  101 
28,  002 
25,  890 

23,  779 
21,  695 
19,  658 
17,  693 
15,  820 

14,  050 

12,  390 

10,  846 

9,417 

8,  103 

6,  903 
.     5,  815 
4,  837 
3,965 
3,200 

2,  534 
1,967 
1,  491 
1,  101 
789 

547 
365 
233 
141 
82 

44 
22 
10 

4 

1 

1 

1,  065,  262 

1,  006,  122 

948,  251 

891,  703 

836,  537 

782,  816 
730,  607 
679,  973 
630,  974 
583,  664 

538,  094 
494,  308 
452,  351 
412,  265 
374,  094 

337,  882 
303,  669 
271,  496 
241,  395 
213,  393 

187,  503 
163,  724 
142,  029 
122,  371 
104,  678 

88,  858 
74,  808 
62,  418 
51,  572 
42,  155 

34, 052 
27,  149 
21,  334 
16,  497 
12,  532 

9,332 
6,  798 
4,831 
3,340 
2,239 

1,450 
903 
538 
305 
164 

82 

38 

16 

6 

2 

1 

17.  83 

56-57 .       -.     _     __.     

17.  19 

57-58 .- -.     

16.  57 

58-59 -   ...   -   -.-     .     ---   -   

15.  96 

59-60 -_-   ..-        .   --   -         

15.  36 

60-61 •* -               .   ...    _     .... 

14.  78 

61-62     .     ._     .. . 

14.  20 

62-63 

13.  65 

63-64     -   .     .       .   .       -.-.__ 

13.  10 

64-65 

12.  57 

65-66  -..   -   -.   

12.  04 

66-67 --   -         -       

11.  53 

67-68 ._   -                        - 

11.  02 

68-69 

10.  53 

69-70 ' 

10.  06 

70-71 .   .                    -              

9.  59 

71-72 !___ 

9.  15 

72-73 

8.  72 

73-74 

8.  31 

74-75 

7.  92 

75-76 

7.  55 

76-77 

7.  20 

77-78 

6.  87 

78-79 _   _    

6.  56 

79-80 _   ...     

6.  26 

80-81 

5.  96 

81-82 

5.  67 

82-83 

5.  39 

83-84 

5.  10 

84-85 

4.  83 

85-86      

4.56 

86-87 

87-88      - - 

4.  29 
4.03 

88-89 ...   _.   

3.  77 

89-90 

3.  52 

90-91 

3.28 

91-92 .          _.    

3.05 

92-93 _-                          

2.  83 

93-94 

2.  62 

94-95 

2.42 

95-96 

2.  22 

96-97  

2.04 

97-98 ' 

1.  87 

98-99 

1.71 

99-100     .-                    --     --   --- 

1.  56 

100-101 

1.42 

101-102 .     __   ...   .. 

1.  29 

102-103 

1.  16 

103-104 .     _     ... .. 

1.05 

104-105 

.94 

105-106 -.   

.84 

i  All  except  wbite  and  Negro. 

Note.— Rates  of  mortality  at  ages  above  87  are  not  based  on  actual  statistics  at  these  ages,  but  have  been  obtained  by  mathematical  extrapolation  from  mortality  rates 
at  younger  ages.    Other  life  table  functions  at  these  ages  are  based  on  the  extrapolated  rates  of  mortality,  and  may  not  necessarily  represent  actual  conditions. 
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Table  12. — Life  Table  foe  Other  Races,  j  Females  in  the  United  States:  1939-1941 


TEAR  OF  AGE 

MORTALITY 
EATE 

OF  100,000  BORN  ALIVE 

STATIONARY  POPtXATION 

AVERAGE  rTTtTEE 
LIFETIME 

Period  of  life  between  two  exact  ages  stated 

Number  dying 

per  1,000  alive 

at  beginning  of 

year  of  age 

(2) 

Number  living 

at  beginning  of 

year  of  age 

(3) 

Number  dying 

during  year 

of  age 

(4) 

In  year  of  age 
(5) 

In  year  of  age  and 
all  later  years 

(6) 

Average  number 

of  years  of 

life  remaining 

at  beginning  of 

year  of  age 

(7) 

X  tO  2+1 

l,000j» 

U 

d. 

Lz 

T, 

e, 

0-1  _  .    --_    -    __--.-    

87.  17 

20.  38 

9.  86 

5.46 

3.93 

3.  10 
2.  51 
2.  12 
1.  90 
1.  83 

1.  89 

2.  03 
2.  25 
2.  56 
2.  99 

3.49 
4.00 

4.  48 
4  95 
5.45 

5.93 
6.  36 
6.  70 

6.  93 
7.09 

7.20 

7.  26 
7.  31 
7.33 
7.30 

7.25 
7.  19 
7.  12 
7.  06 
7.01 

6.  97 
6.  96 

6.  99 

7.  06 
7.  17 

7.32 
7.51 
7.  73 
7.  99 
8.28 

8.64 

9.  07 

9.  59 

10.  20 

10.  91 

11.  71 

12.  60 

13.  58 

14.  64 
15.77 

100,  000 
91,  283 
89,  422 
88,  540 
88,  057 

87,  711 
87,  439 
87,  220 
87,  035 
86,  870 

86,  710 

86,  547 
86,  371 
86,  177 
85,  956 

85,  699 
85,  401 
85,  059 
84,  678 
84,  258 

83,  799 
83,  302 
82,  773 
82,  219 
81,  648 

81,  069 
80,  486 
79,  901 
79,  317 
78,  736 

78,  161 
77,  594 
77,  036 
76,  487 
75,  947 

75,  415 
74,  889 
74,  368 
73,  848 
73,  327 

72,  801 
72,  268 
71,  725 
71,  171 
70,  602 

70,  017 
69,  412 
68,  783 
68,  123 
67,  429 

66,  693 
65,  912 
65,  082 
64,  198 
63,  258 

8,717 

1,861 

882 

483 

346 

272 
219 
185 
165 
160 

163 
176 
194 
221 
257 

298 
342 
381 
420 
459 

497 
529 
554 
571 
579 

583 
585 
584 
581 
575 

567 
558 
549 
540 
532 

526 
521 
520 
521 
526 

533 
543 
554 
569 
585 

605 
629 
660 
694 
736 

781 
830 
884 
940 
997 

93,  654 
90,  185 
88,  955 
88,  289 
87,  876 

87,  57.-, 
87,  329 
87,  128 
86,  952 
86,  790 

86,  629 
86,  459 
86,  274 
86,  066 
85,  828 

85,  550 
85,  230 
84,  868 
84.  468 
84,028 

83,  551 

83,  038 
82,  496 
81,  933 
81,  359 

80,  778 
80,  193 
79,  609 
79,  027 
78,449 

77,  877 
77,  316 
76,  761 
76,  218 
75,681 

75,  152 
74,  629 
74,  108 
73,  587 
73,  064 

72,  535 
71,  997 
71,  448 
70,  886 
70,  310 

69,  714 
69,  098 
68,  453 
67,  776 
67,  061 

66,  302 
65,  497 
64,  640 
63,  728 
62,  760 

5.  583,  750 
5,  490,  096 
5,  399,911 
5,  310,  956 
5,  222,  667 

5,  134,  791 
5,  047,  216 
4,  959,  887 
4,  872,  759 
4,  785,  807 

4,  699,  017 
4,  612,  388 
4,  525,  929 
4,  439,  655 
4,  353,  589 

4,  267,  761 
4,  182,211 
4,  096.  981 
4,012,  113 
3,  927,  645 

3,  843,  617 
3,  760,  066 
3,  677.  028 
3,  594,  532 
3,  512,  599 

3,  431,  240 
3,  350,  462 
3,  270,  269 
3,  190,  660 
3,  111,  633 

3,  033,  184 
2,  955,  307 
2,  877,  991 
2,  801,  230 
2,  725,  012 

2,  649,  331 
2,  574,  179 
2,  499,  550 
2,  425,  442 
2,  351,  855 

2,  278,  791 
2,  206,  256 
2,  134,  259 
2,  062,  811 
1,  991,  925 

1,  921,  615 
1,  851,  901 
1,  782,  803 
1,  714,  350 
1,  646,  574 

1,  579,  513 
1,  513,  211 

1,  447,  714 
1,  383,  074 
1,  319,  346 

55.  84 

1-2 ____:        ...      .  . 

60.  14 

2-3 .-.    ..       -.         -.   __-... 

.  60.  39 

3-4 .      .     .        

59.  98 

4-5„     .....                  .     . 

59.  31 

5-6 

6-7. ...        .         .__.__... 

58.  54 
57.  72 

7-8 .         ... _    .    . 

56.  87 

8-9._           -       ..... 

55.  99 

9-10.     ...              ------   

55.  09 

10-11.     .      --.        - -    --- 

54.  19 

11-12 

12-13      .       .                    -.     .   --- 

53.29 
52.  40 

13-14 .-   ....._- 

51.  52 

14-15      --                                    -   --- 

50.  65 

15-16 

16-17  

49.  80 
48.  97 

17-18 -                              -    -   - 

48.  17 

18-19 -.          .         --------- 

47.  38 

19-20 .                .           -----   ---   - 

46.  61 

20-21 .         .   --. 

45.  87 

21-22 

45.  14 

22-23 

44.  42 

23-24 ... 

43.  72 

24-25 

43.02 

25-26.  -     -                                        .-    

42.  32 

26-27 -_    -_ 

41.  63 

27-28 -                                  .-   .-_    _._ 

40.  93 

28-29     -                                              -    -.-      ... 

40.  23 

29-30 .                                   .      .    

39.  52 

30-31 

38.81 

31-32 ._--- 

38.  09 

32-33 

37.  36 

33-34 

36.  62 

34-35 

35.  88 

35-36 

35.  13 

36-37 

34.  37 

37-38 .-       

33.  61 

38-39 

32.  84 

39-40 

32.  07 

40-41 

31.  30 

41-42-     --.                                          --       -   . 

30.  53 

42-43 -                                    -          . 

29.  76 

43-44     -.      .          .    . 

28.  98 

44-45         -.        -.    .    -.-    .        .-.    ... 

28.21 

45-46—     -      --      -      .      .-      --    . 

27.44 

46-47  _--..                 ---___ 

26.  68 

47-48 

25.  92 

48-49 

25.  17 

49-50  _     ...                                     .        -.        . 

24  42 

50-51 

23.  68 

51-52 .-_      -..    -    - 

22.  96 

52-53 

22.  24 

53-54 .    _ 

21.  54 

54-55 

20.  86 

1  All  except  white  and  Negro. 
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Table  12. — Life  Table  foe  Othee  Races,  1  Females  in  the  United  States:  1939-1941 — Continued 


TEAR  OF  AGE 

MORTALITY 
RATE 

OF  100,000  BORN  ALIVE 

STATIONARY  POPULATION 

AVERAGE  FUTURE 
LIFETIME 

Period  of  life  between  two  exact  ages  stated 
(1) 

Number  dying 

per  1,000  alive 

at  beginning  of 

year  of  age 

(2) 

Number  living 

at  beginning  of 

year  of  age 

(3) 

Number  dying 

during  year 

of  age 

(4) 

In  year  of  age 
(5) 

In  year  of  age  and 
all  later  years 

(6) 

Average  number 

of  years  of 

life  remaining 

at  beginning  of 

year  of  age 

(7) 

x  to  x+1 

l.OOOji 

U 

dx 

Lz 

Tz 

ex 

55-56 _    ..    .          .    ._ 

16.  96 
18.  19 
19.47 
20.78 

22.  13 

23.  53 

24.  99 
26.  52 
28.  14 
29.87 

31.71 
33.  70 

35.85 
38.20 
40.80 

43.73 
47.08 
50.  92 
55.27 
59.98 

64.85 
69.  66 
74.  21 
78.37 
82.32 

86.33 

90.66 

95.56 

101.  31 

108.  10 

116.  15 
125.  67 
136.  86 
149.  93 
165.  08 

182.  53 
202.  49 
225.  15 
250.  73 
279.  43 

311.46 
347.  03 
386.  35 
429.  62 
477.  05 

528.  84 
585.  21 
646.  37 
712.  51 
783.  85 

860.  59 

62,  261 
61,  205 
60,  092 
58,  922 
57,  697 

56,  421 
55,  093 
53,  717 
52,  292 
50,  820 

49,  303 
47,  739 
46,  130 
44, 476 
42,  777 

41,  032 
39, 238 
37,  391 
35,  487 
33,  525 

31,514 
29,  471 
27,  418 
25,  383 
23,  394 

21,  468 
19,615 
17,  837 
16, 132 
14,  498 

12, 931 

11,429 

9,992 

8,625 

7,  332 

6,  121 
5,004 
3,991 
3,092 
2,317 

1,670 

1,  150 

751 

461 

263 

137 

65 

27 

9 

3 

1 

1,056 
1,  113 

1,  170 
1,225 
1,276 

1,328 
1,376 
1,425 
1,472 
1,517 

1,564 
1,609 
1,654 
1,699 

1,745 

1,794 
1,847 
1,904 
1,962 
2,011 

2,043 
2,053 

2,  035 
1,989 
1,926 

1,853 
1,778 
1,705 
1,634 
1,567 

1,502 
1,437 
1,367 
1,293 
1,211 

1,  117 

1,013 

899 

775 

647 

520 
399 
290 
198 
126 

72 

38 

18 

6 

2 

1 

61,  734 
60,  648 
59,  507 
58,  310 
57,  059 

55,  757 
54,  405 
53,  004 
51,  556 
50,  061 

48,  521 
46,  935 
45,  303 
43,  627 
41,  904 

40,  135 
38,  315 
36,  438 
34,  506 
32,  520 

30,  493 

28,  444 
26,  401 
24,  388 
22,  431 

20,  541 

18,  726 
16,  984 
15,315 
13,  714 

12,  180 

10,711 

9,308 

7,979 

6,726 

5,563 
4,497 
3,542 
2,705 
1,993 

1,409 
950 
606 
362 
200 

101 

46 

18 

6 

2 

0 

1,  256,  586 
1,  194,  852 
1,  134,  204 
1,  074,  697 
1,  016,  387 

959,  328 
903,  571 
849,  166 
796,  162 
744,  606 

694,  545 
646,  024 
599,  089 
553,  786 
510,  159 

468,  255 
428,  120 
389,  805 
353,  367 
318,861 

286,  341 
255,  848 
227,  404 
201,  003 
176,  615 

154,  184 

133, 643 

114.  917 

97;  933 

82, 618 

68,  904 
56,  724 
46,  013 
36,  705 
28,  726 

22,  000 

16,  437 

11,940 

8,398 

5,693 

3,700 

2,291 

1,341 

735 

373 

173 

72 

26 

8 

2 

0 

20.  18 

56-57        .       ...     -   .          -_-_______ 

19.  52 

57-58      _             -_---____-_ 

18.  87 

58-59 

18.  24 

59-60      .           -                        _                .   ._ 

17.  62 

60-61—       .              ..         .- . 

17.  00 

61-62 .               ... 

16.  40 

62-63...     . 

15.  81 

63-64  .               .   .        .   .         _       ..... 

15.  23 

64-65 ..         ...         .       .   .   .   .   . 

14.  65 

65-66      .   ..   ...       .   ...   . 

14.  09 

66-67      _   . ...     ...   .   .     .. 

13.  53 

67-68      _     .   •    .   . 

12.  99 

68-69 ...... 

12.  45 

69-70 .     .           .         .     . 

11.  93 

70-71 . .. 

11.  41 

71-72.  .....   ..   ...... 

10.  91 

72-73 . 

10.43 

73-74  _  .                   ...     . 

9.  96 

74-75...     

9.  51 

75-76 

9.  09 

76-77 

8.  68 

77-78 

8.  29 

78-79 . 

7.  92 

79-80.         .             ........ 

7.  55 

80-81.     ...     .       ...     ...   .   .           ... 

7.  18 

81-82      _   .       .......                ..   ... 

6.  81 

82-83    .....       .           .         ... 

6.  44 

83-84 ....       .       

6.  07 

84-85 ..        .     ..   .. 

5.  70 

85-86  

5.33 

86-87 

4.96 

87-88 

4.  60 

88-89 .            ... 

4.  26 

89-90 ...     

3.92 

90-91 

3.  59 

91-92 ...     _     .   ...     

3.28 

92-93 

2.99 

93-94 . 

2.  72 

94-95 .         .-•                   ... 

2.46 

95-96 . 

2.22 

96-97  

1.  99 

97-98 

1.79 

98-99  

1.60 

99-100...     . .. 

1.  42 

100-101             .... 

1.26 

101-102  _.       .     .       .                .       .     

1.  11 

102-103 .     ..   ...            .              

.  98 

103-104 

.86 

104-105 -------       ---   - 

.75 

105-106  - 

.64 

'All  except  white  and  Negro. 

Note. — Rates  of  mortality  at  ages  above  87  are  not  based  on  actual  statistics  at  these  ages,  but  have  been  obtained  by  mathematical  extrapolation  from  mortality 
rates  at  younger  ages.    Other  life  table  functions  at  these  ages  are  based  on  the  extrapolated  rates  o(  mortality,  and  may  not  necessarily  represent  actual  conditions. 
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Table  13. — Life  Table  Functions  fob  the  First  Year  of  Life,  in  the  United  States:   1939-1941 


AGE  INTERVAL 


MORTALITY  RATE 


OF  100,000  BORN   ALIVE 


STATIONARY  POPULATION 


AVERAGE 

FTTUEE 
LIFETIME 


Period  of  life  between  two  exact  ages  stated 


(1) 


Number  dying 

per  1,000  alive 

at  beginning 

of  age  interval 

(2) 


Number  alive 

at  beginning 

of  age  interval 


(3) 


Number  dying 

during  age 

interval 


(4) 


In  the  age 
interval 


(5) 


In  this  and  all 

subsequent  age 

intervals 


(6) 


Average  number 
of  years  of  life 

remaining  at 

beginning  of  age 

interval 

(7) 


x  to  x+t 


U-L+, 


Tt-Tr 


T, 


TOTAL  POPULATION 

0-1  dav 

1-2  davs 

2-3  days 

3  days  to  1  week 

1-2  weeks 

2-3  weeks 

3  weeks  to  1  month 


0-1  month 

1-2  months 

2-3  months 

3-4  months 

4-5  months 

5-6  months 

6-7  months 

7-8  months 

8-9  months... 
9-10  months.. 
10-11  months. 
11-12  months. 


TOTAL  MALES 

0-1  day 

1-2  davs 

2-3  days 

3  days  to  1  week 

1-2  weeks 

2-3  weeks 

3  weeks  to  1  month 


0-1  month 

1-2  months 

2-3  months 

3-4  months 

4-5  months 

5-6  months.. _ 

6—7  months 

7-8  months 

8-9  months 

9-10  months.. 
10-11  months. 
11-12  months. 


TOTAL  FEMALES 

0-1  day 

1-2  davs 

2-3  days 

3  days  to  1  week 

1-2  weeks 

2-3  weeks 

3  weeks  to  1  month 


0-1  month 

1-2  months 

2-3  months 

3-4  months 

4-5  months 

5-6  months 

6-7  months 

7-8  months.  __ 

8-9  months 

9-10  months.. 
10-11  months. 
11-12  months. 


13.  97 
3.  67 

2.  32 

3.  71 

2.  60 
1.  70 

1.  46 

29.  13 

3.  64 

2.  90 
2.  41 
1.  95 
1.65 
1.42 
1.  20 
1.06 

.  92 
.78 
.74 


15.71 
4  19 
2.  75 

4.  27 
2.  85 
1.  85 
1.62 


100,  000 
98,  603 
98,  241 
98,  013 
97,  649 
97,  395 
97,  229 

100,  000 
97,  087 
96,  734 
96,  453 
96,  221 
96,  033 
95,  875 
95,  739 
95,  624 
95,  523 
95,  435 
95,  361 


100.  000 
98,  429 
98,  017 
97,  747 
97,  330 
97,  053 
96,  873 


32.  84 

100,  000 

4.06 

96,  716 

3.  19 

96,  323 

2.  61 

96,  016 

2.  12 

95,  765 

1.  79 

95,  562 

1.51 

95,  391 

1.  32 

95,  247 

1.  16 

95,  121 

.98 

95,  011 

.85 

94,  918 

.79 

94,  837 

12.  14 

100.  000 

3.  14 

98,  786 

1.  88 

98,  476 

3.  13 

98,  291 

2.34 

97,  983 

1.53 

97,  754 

1.  28 

97,  604 

25.21 

100,  000 

3.  18 

97,  479 

2.60 

97,  169 

2.  20 

96,  916 

1.  79 

96,  703 

1.  49 

96,  530 

1.  32 

96,  386 

1.  08 

96,  259 

.95 

96,  155 

.  85 

96,  064 

.70 

95,  982 

.70 

95,  915 

1,397 
362 
228 
364 
254 
166 
142 

2,913 

353 

281 

232 

188 

158 

136 

115 

101 

88 

74 

71 


1,571 
412 
270 
417 
277 
180 
157 

3,284 

393 

307 

251 

203 

171 

144 

126 

110 

93 

81 

75 


1,214 
310 
185 
308 
229 
150 
125 

2,521 

310 

253 

213 

173 

144 

127 

104 

91 

82 

67 

67 


271 
269 
269 
1,071 
1,869 
1,865 
2,  512 

8,  126 
8,076 
8,049 
8,028 
8,011 
7,996 
7,984 
7,973 
7,964 
7,957 
7,950 
7,944 


271 
269 
268 
1,068 
1,862 
1,  858 
2.502 


6,  362,  494 
6,  362.  223 
6,  361.  954 
6,  361,  685 
6,  360,  614 
6,  358,  745 
6,  356,  880 

6,  362,  494 
6,  354,  368 
6,  346,  292 
6.  338,  243 
6,  330,  215 
6.  322,  204 
6.  314,  208 
6,  306,  224 
6,  298,  251 
6,  290,  287 
6.  282,  330 
6,  274,  380 


6.  160.  087 
6,  159,  816 
6,  159,  547 
6,  159,  279 
6,  158,  211 
6,  156,  349 
6,  154,  491 


8,098 

6,  160,  087 

8.043 

6,  151,  989 

8,014 

6,  143,  946 

7,991 

6,  135,  932 

7,972 

6.  127,  941 

7,956 

6.  119,969 

7,943 

6.  112,  013 

7,932 

6,  104,  070 

7,922 

6,  096,  138 

7,  914 

6.  088,  216 

7,906 

6,  080,  302 

7,  900 

6,  072,  396 

272 

6,  588,  801 

270 

6.  588,  529 

269 

6.  588,  259 

1,  075 

6.  587,  990 

1,  875 

6.  586,  915 

1.872 

6,  585,  040 

2,  522 

6,  583,  168 

8,  155 

6,  588,  801 

8,  110 

6,  580,  646 

8.087 

6,  572,  536 

8,067 

6,  564,  449 

8,051 

6,  556.  382 

8.038 

6.  548,  331 

8,027 

6.  540,  293 

8,017 

6.  532,  266 

8.009 

6,  524,  249 

8.002 

6,  516,  240 

7,996 

6,  508.  238 

7,990 

6,  500,  242 

63.  62 

64.  52 
64.  76 

64.  91 

65.  14 
65.  29 
65.38 

63.62 
65.  45 
65.  61 
65.71 
65.79 
65.  83 
65.86 
65.87 
65.86 
65.85 
65.83 
65.80 


61.60 
62  58 
62.84 
63.01 
63.27 
63.43 
63.53 

61.60 
63.61 
63.  78 
63.  91 
63.99 
64  04 
64  07 
64  09 
64  09 
64  08 
64  06 
64  03 


65.89 
66.  69 

66.  90 

67.  03 
67.23 
67.36 
67.  45 

65.89 
67.51 
67.  64 
67.73 
67.80 
67.84 
67.86 
67.  86 
67.85 
67.83 
67.81 
67.77 
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AGE  INTERVAL 


MORTALITY  RATE 


OF   100,000  BORN  ALIVE 


STATIONARY  POPULATION 


AVERAGE 
FUTURE 
LIFETIME 


Period  of  life  between  two  exact  ages  stated 


(1) 


Number  dying 

per  1,000  alive 

at  beginning 

of  age  interval 

(2) 


Number  alive 

at  beginning 

of  age  interval 


(3) 


Number  dying 

during  age 

interval 


(4) 


In  the  age 
interval 


(5) 


In  this  and  all 

subsequent  age 

intervals 


(6) 


Average  number 
of  years  of  life 

remaining  at 

beginning  of  age 

interval 

(7) 


x  to  x+t 


Ix  —  lz+t 


Tt-Tt+t 


T* 


TOTAL  WHITES 

0-1  day 

1-2  days 

2-3  days 

3  days  to  1  week 

1-2  weeks 

2-3  weeks 

3  weeks  to  1  month 

0-1  month 

1-2  months 

2-3  months 

3-4  months 

4—5  months 

5-6  months 

6-7  months 

7-8  months 

8-9  months 

9-10  months 

10-11  months 

11-12  months 

WHITE  MALES 

0-1  day 

1-2  days 

2-3  days 

3  days  to  1  week 

1-2  weeks 

2-3  weeks 

3  weeks  to  1  month 

0-1  month 

1-2  months 

2-3  months 

3-4  months 

4-5  months 

5-6  months 

6-7  months 

7-8  months 

8-9  months 

9-10  months 

10-11  months 

11-12  months 

WHITE  FEMALES 

0-1  day 

1-2  days 

2-3  days 

3  days  to  1  week 

1-2  weeks 

2-3  weeks 

3  weeks  to  1  month 

0-1  month 

1-2  months 

2-3  months 

3-4  months 

4-5  months 

5—6  months 

6-7  months 

7-8  months 

8-9  months 

9-10  months 

10-11  months 

11-12  months 


13.  67 

100,  000 

3.  52 

98,  633 

2.  18 

98,  286 

3.35 

98,  072 

2.  26 

97,  743 

1.  50 

97,  522 

1.  28 

97,  376 

27.  49 

100,  000 

3.  18 

97,  251 

2.  56 

96,  942 

2.09 

96,  694 

1.  67 

96,  492 

1.  42 

96,  331 

1.  20 

96,  194 

1.  04 

96,  079 

.  92 

95,  979 

.80 

95,  891 

.69 

95,  814 

.66 

95,  748 

15.  38 

100,  000 

4.03 

98,  462 

2.  57 

98,  065 

3.  84 

97,  813 

2.  49 

97,  437 

1.64 

97,  194 

1.44 

97,  035 

31.05 

100,  000 

3.59 

96,  895 

2.83 

96,  547 

2.  27 

96,  274 

1.  81 

96,  055 

1.  54 

95,  881 

1.26 

95,  733 

1.  14 

95,  612 

.99 

95,  503 

.85 

95,  408 

.76 

95,  327 

.70 

95,  255 

11.87 

100,  000 

2.98 

98,  813 

1.76 

98,  519 

2.  85 

98,  346 

2.  02 

98,  066 

1.  35 

97,  868 

1.  11 

97,  736 

23.72 

100,  000 

2.75 

97,  628 

2.28 

97,  360 

1.89 

97,  138 

1.53 

96,  954 

1.  28 

96,  806 

1.  12 

96,  682 

.94 

96,  574 

.84 

96,  483 

.74 

96,  402 

.62 

96,  331 

.62 

96,  271 

1,367 
347 
214 
329 
221 
146 
125 

2,  749 

309 

248 

202 

161 

137 

115 

100 

88 

77 

66 

63 


1,  538 
397 
252 
376 
243 
159 
140 

3,  105 

348 

273 

219 

174 

148 

121 

109 

95 

81 

72 

67 


1,  187 
294 
173 
280 
198 
132 
108 

2,372 

268 

222 

184 

148 

124 

108 

91 

81 

71 

60 

60 


271 

6,  492,  419 

270 

6,  492,  148 

269 

6,  491,  878 

1,072 

6,  491,  609 

1,871 

6,  490,  537 

1,867 

6,  488,  666 

2,516 

6,  486,  799 

8,  136 

6,  492,  419 

8,091 

6,  484,  283 

8,068 

6,  476,  192 

8,049 

6,  468,  124 

8,034 

6,  460,  075 

8,022 

6,  452,  041 

8,011 

6,  444,  019 

8,002 

6,  436,  008 

7,995 

6,  428,  006 

7,988 

6,  420,  011 

7,982 

6,  412,  023 

7,976 

6,  404,  041 

271 

6,  281,  188 

269 

6,  280,  917 

268 

6,  280,  648 

1,069 

6,  280,  380 

1,865 

6,  279,  311 

1,861 

6,  277,  446 

2,507 

6,  275,  585 

8,  110 

6,  281,  188 

8,060 

6,  273,  078 

8,034 

6,  265,  018 

8,014 

6,  256,  984 

7,997 

6,  248,  970 

7,984 

6,  240,  973 

7,  973 

6,  232,  989 

7,963 

6,  225,  016 

7,955 

6,  217,  053 

7,947 

6,  209,  098 

7,941 

6,  201,  151 

7,935 

6,  193,  210 

272 

6,  728,  965 

270 

6,  728,  693 

269 

6,  728,  423 

1,075 

6,  728,  154 

1,877 

6,  727,  079 

1,874 

6,  725,  202 

2,  525 

6,  723,  328 

8,  162 

6,  728,  965 

8,  125 

6,  720,  803 

8,  104 

6,  712,  678 

8,087 

6,  704,  574 

8,073 

6,  696,  487 

8,062 

6,  688,  414 

8,052 

6,  680,  352 

8,044 

6,  672,  300 

8,037 

6,  664,  256 

8,031 

6,  656,  219 

8,025 

6,  648,  188 

8,020 

6,  640,  163 

64.92 
65.82 
66.05 
66.  19 
66.40 
66.  54 
66.62 

64  92 
66.68 
66.80 
66.89 
66.95 
66.98 
66.  99 
66.99 
66.97 
66.95 
66.  92 
66.88 


62.81 
63.79 
64.05 
64.21 
64  44 
64  59 
64  67 

62.81 
64  74 
64  89 
64.99 
65.06 
65.09 
65.  11 
65.  11 
65.  10 
65.08 
65.05 
65.02 


67.29 
68.  10 
68.30 
68.41 
68.60 
68.72 
68  79 

67.  29 

68.  84 
68.95 
69.02 
69.07 
69.09 

69.  10 
69.09 
69.07 
69.05 
69.01 
68  97 
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AGE  INTEBVAL 


MORTALITY  SATE 


OF   100,000   BORN  ALIVE 


STATIONARY  POPLT.ATION 


AVERAGE 
FT  TUBE 
LIFETIME 


Period  of  life  between  two  exact  ages  stated 


(1) 


Number  dying 

per  1,000  alive 

at  beginning 

of  age  interval 

(2) 


Number  alive 
at  beginning 
of  age  interval 


(3) 


x  to  x+t 


Number  dying 

during  age 

interval 


(4) 


In  the  age 
interval 


(5) 


U-L+t 


T,-T:+ 


In  this  and  all 

subsequent  age 

intervals 


(6) 


T, 


Average  number 
of  years  of  life 

remaining  at 

beginning  of  age 

interval 

(7) 


TOTAL  NEGROES 

0-1  day 

1-2  days 

2-3  days 

3  days  to  1  week 

1-2  weeks 

2-3  weeks 

3  weeks  to  1  month 


0-1  month 

1-2  months 

2-3  months 

3-4  months 

4-5  months 

5-6  months 

6-7  months 

7-8  months 

8-9  months 

9-10  months.. 
10-11  months. 
11-12  months. 


NEGRO  MALES 

0-1  day 

1-2  days 

2-3  days 

3  days  to  1  week 

1-2  weeks 

2-3  weeks 

3  weeks  to  1  month 


0-1  month 

1-2  months 

2-3  months 

3-4  months 

4-5  months 

5-6  months 

6-7  months 

7-8  months 

8-9  months 

9-10  months.  . 
10-11  months. 
11-12  months. 


NEGRO  FEMALES 

0-1  day 

1-2  days 

2-3  days 

3  days  to  1  week 

1-2  weeks , 

2-3  weeks 

3  weeks  to  1  month 


0-1  month 

1-2  months 

2-3  months 

3—4  months 

4-5  months 

5-6  months 

6-7  months 

7-8  months 

8-9  months 

9-10  months.  . 
10-11  months. 
11-12  months. 


17.06 

100,  000 

5.01 

98,  294 

3.49 

97,  802 

6.  19 

97,  461 

4.  89 

96,  858 

3.09 

96,384 

2.  67 

96,  086 

41.  71 

100,  000 

6.  65 

95,  829 

5.  14 

95,  192 

4.  47 

94,  703 

3.80 

94,  280 

3.06 

93,  922 

2.83 

93,  635 

2.23 

93,  370 

1.  94 

93,  162 

1.  68 

92,  981 

1.  30 

92,  825 

1.  29 

92,  704 

19.21 

100,  000 

5.  54 

98,  079 

4,  17 

97,  536 

7.26 

97,  129 

5.  29 

96,  424 

3.36 

95,  914 

2.89 

95, 592 

46.  84 

100,  000 

7.33 

95,  316 

5.  60 

94,  617 

4.  80 

94,  087 

4.  18 

93,  635 

3.34 

93,  244 

3.  14 

92,  933 

2.  50 

92,  641 

2.  24 

92,  409 

1.  80 

92,  202 

1.47 

92,  036 

1.40 

91,  901 

14  86 

100,  000 

4.  48 

98,  514 

2.77 

98,  073 

5.  10 

97,  801 

4.50 

97,  302 

2.  82 

96,  864 

2.45 

96,  591 

36.46 

100,  000 

5.  96 

96,  354 

4.68 

95,  780 

4.  12 

95,  332 

3.41 

94,  939 

2.  76 

94,  615 

2.  52 

94,  354 

1.  94 

94,  116 

1.  64 

93,  933 

1.56 

93,  779 

1.  13 

93,  633 

1.  19 

93,  527 

1,706 
492 
341 
603 
474 
298 
257 

4,  171 
637 
489 
423 
358 
287 
265 
208 
181 
156 
121 
120 


1,  921 
543 
407 
705 
510 
322 
276 

4,684 
699 
530 
452 
391 
311 
292 
232 
207 
166 
135 
129 


1,486 
441 
272 
499 
438 
273 
237 

3,646 
574 
448 
393 
324 
261 
238 
183 
154 
146 
106 
111 


271 

5,  385,  044 

268 

5,  384,  773 

267 

5,  384,  505 

1,064 

5,  384,  238 

1,851. 

5,  383,  174 

1,844 

5,  381,  323 

2,481 

5,  379,  479 

8,046 

5,  385,  044 

7,  959 

5,  376,  998 

7,912 

5,  369,  039 

7,874 

5,  361,  127 

7,842 

5,  353,  253 

7,815 

5,  345,  411 

7,792 

5,  337,  596 

7,772 

5,  329,  804 

7,756 

5,  322,  032 

7,742 

5,  314,  276 

7,  730 

5,  306,  534 

7,720 

5,  298,  804 

271 

5,  225,  657 

268 

5,  225,  386 

266 

5,  225,  118 

1,060 

5,  224,  852 

1,843 

5,  223,  792 

1,835 

5,  221,  949 

2,468 

5,220,  114 

8,011 

5,  225,  657 

7,914 

5,  217,  646 

7,863 

5,  209,  732 

7,822 

5,  201,  869 

7,787 

5,  194,  047 

7,757 

5,  186,  260 

7,732 

5,  178,  503 

7,710 

5,  170,  771 

7,692 

5,  163,  061 

7,677 

5,  155,369 

7,  664 

5,  147,  692 

7,653 

5, 140,  028 

271 

5,  556,  051 

269 

5,  555,  780 

268 

5,  555,  511 

1,068 

5,  555,  243 

1,860 

5,  554,  175 

1,853 

5,  552,  315 

2,494 

5,  550,  462 

8,083 

5,  556,  051 

8,006 

5,  547,  968 

7,963 

5,  539,  962 

7,928 

5,  531,  999 

7,898 

5,  524,  071 

7,874 

5,  516,  173 

7,853 

5,  508,  299 

7,835 

5,  500,  446 

7,  821 

5,  492,  611 

7.809 

5,  484,  790 

7,798 

5,  476,  981 

7,789 

5,  469,  183 

53.  85 

54.  78 

55.  06 
55.  25 
55.  58 
55.  83 

55.  99 

53.85 

56.  11 
56.40 
56.61 
56.78 

56.  91 

57.  00 
57.08 
57.  13 
57.  15 
57.  17 
57.16 


52.  26 

53.  28 
53.57 
53.79 

54.  18 
54.44 
54.  61 

52.26 

54.  74 

55.  06 
55.  29 
55.47 
55.  62 
55.  72 
55.  82 
55.  87 
55.  91 
55.93 
55.93 


55.56 
56.40 
56.65 
56.  80 
57.08 
57.32 
57.46 

55.  56 
57.58 
57.84 
58.03 
58.  19 
58.  30 
58.  38 
58.44 
58.  47 
58.49 
58.49 
58.  48 
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AGE  INTERVAL 


MORTALITY  RATE 


OF  100,000   BORN   ALIVE 


STATIONARY  POPULATION 


AVERAGE 
FUTURE 
LIFETIME 


Period  of  life  between  two  exact  ages  stated 


(1) 


Number  dying 

per  1,000  alive 

at  beginning 

of  age  interval 

(2) 


Number  alive 

at  beginning 

of  age  interval 


(3) 


Number  dying 

during  age 

interval 


(4) 


In  the  age 
interval 


(5) 


In  this  and  all 

subsequent  age 

intervals 


(6) 


Average  number 
of  years  of  life 

remaining  at 

beginning  of  age 

interval 

(7) 


x  to  x+t 


h-h 


Q^-TVk 


TOTAL    OTHER    RACES 1 

0-1  day 

1-2  days 

2-3  days 

3  days  to  1  week 

1-2  weeks 

2-3  weeks 

3  weeks  to  1  month 

0-1  month 

1-2  months 

2-3  months 

3-4  months 

4—5  months 

5-6  months 

6-7  months 

7-8  months 

8-9  months 

9-10  months 

10-11  months 

11-12  months 

OTHER    RACES,1    MALES 

0-1  day 

1-2  days 

2-3  days 

3  days-1  week 

1-2  weeks 

2-3  weeks 

3  weeks-1  month 

0-1  month 

1-2  months 

2-3  months 

3-4  months 

4-5  months 

5-6  months 

6-7  months 

7-8  months 

8-9  months 

9-10  months 

10-11  months 

11-12  months 

OTHER    RACES,  '    FEMALES 

0-1  day 

1-2  days 

2-3  days 

3  days  to  1  week 

1-2  weeks 

2-3  weeks 

3  weeks  to  1  month 

0-1  month 

1-2  months 

2-3  months 

3-4  months 

4-5  months 

5-6  months 

6-7  months 

7-8  months 

8-9  months 

9-10  months 

10-11  months 

11-12  months 


14.09 

100,  000 

3.37 

98,  591 

3.  10 

98,  259 

6.75 

97,  954 

5.  24 

97,  293 

3.35 

96,  783 

3.40 

96,  459 

38.  69 

100,  000 

9.20 

96,  131 

8.  18 

95,  247 

7.26 

94,  468 

6.  39 

93,  782 

5.  59 

93,  183 

4.87 

92,  662 

4.  23 

92,  211 

3.69 

91,  821 

3.21 

91,  482 

2.84 

91,  188 

2.55 

90,  929 

15.41 

100,  000 

3.46 

98,  459 

3.22 

98,  118 

8.  18 

97,  802 

6.01 

97,  002 

3.76 

96,  419 

3.94 

96,  056 

43.22 

100,  000 

9.35 

95,  678 

8.  40 

94,  783 

7.50 

93,  987 

6.  65 

93,  282 

5.86 

92,  662 

5.  10 

92,  119 

4.41 

91,  649 

3.82 

91,  245 

3.27 

90,  896 

2.76 

90,  599 

2.  36 

90,  349 

12.  70 

100,  000 

3.25 

98,  730 

3.00 

98,  409 

5.27 

98,  114 

4.43 

97,  597 

2.91 

97,  165 

2.85 

96,  882 

33.94 

100,  000 

9.03 

96,  606 

7.96 

95,  734 

7.01 

94,  972 

6.  13 

94,  306 

5.  30 

93,  728 

4.  63 

93,  231 

4.04 

92,  799 

3.56 

92,  424 

3.  16 

92,  095 

2.  92 

91,  804 

2.76 

91,  536 

1,409 
332 
305 
661 
510 
324 
328 

3,869 
884 
779 
686 
599 
521 
451 
390 
339 
294 
259 
232 


1,541 
341 
316 
800 
583 
363 
378 

4,322 
895 
796 
705 
620 
543 
470 
404 
349 
297 
250 
213 


1,270 
321 
295 
517 
432 
283 
276 

3,394 
872 
762 
666 
578 
497 
432 
375 
329 
291 
268 
253 


271 

5,  435,  389 

269 

5,435,  118 

269 

5,  434,  849 

1,069 

5,  434,  580 

1,859 

5,433,511 

1,851 

5,  431,  652 

2,489 

5,  429,  801 

8,077 

5,  435,  389 

7,974 

5,  427,  312 

7,905 

5,  419,  338 

7,844 

5,411,433 

7,790 

5,  403,  589 

7,744 

5,  395,  799 

7,703 

5,  388,  055 

7,668 

5,  380,  352 

7,638 

5,  372,  684 

7,611 

5,  365,  046 

7,  588 

5,  357,  435 

7,568 

5,  349,  847 

271 

5,  356,  374 

269 

5,  356,  103 

268 

5,  355,  834 

1,066 

5,  355,  566 

1,853 

5,  354,  500 

1,844 

5,  352,  647 

2,478 

5,  350,  803 

8,049 

5,  356,  374 

7,936 

5,  348,  325 

7,865 

5,  340,  389 

7,803 

5,  332,  524 

7,748 

5,  324,  721 

7,699 

5,  316,  973 

7,657 

5,  309,  274 

7,621 

5,  301,  617 

7,589 

5,  293,  996 

7,562 

5,  286,  407 

7,540 

5,  278,  845 

7,520 

5,  271,  305 

271 

5,  583,  750 

270 

5,  583,  479 

269 

5,  583,  209 

1,071 

5,  582,  940 

1,866 

5,  581,  869 

1,859 

5,  580,  003 

2,501 

5,  578,  144 

8,  107 

5,  583,  750 

8,014 

5,  575,  643 

7,946 

5,  567,  629 

7,887 

5,  559,  683 

7,835 

5,  551,  796 

7,790 

5,  543,  961 

7,751 

5,536,  171 

7,718 

5,  528,  420 

7,688 

5,  520,  702 

7,662 

5,513,014 

7,639 

5,  505,  352 

7,617 

5,  497,  713 

54.35 
55.  13 
55.31 
55.48 

55.  85 

56.  12 
56.29 

54.  35 
56.46 

56.  90 
57.28 

57.  62 
57.91 

58.  15 
58.  35 
58.51 
58.  65 
58.75 
58.84 


53.56 

54.  40 
54.59 
54.76 
55.20 

55.  51 
55.71 

53.56 
55.90 
56.34 
56.74 
57.08 
57.38 

57.  63 
57.85 
58.02 

58.  16 
58.27 
58.34 


55.84 
56.  55 
56.73 

56.  90 

57.  19 
57.43 
57.58 

55.84 
57.72 

58.  16 
58.54 
58.87 
59.15 
59.38 
59.57 
59.73 
59.86 
59.97 
60.06 


1  All  except  white  and  Negro. 


PART   III 

ACTUARIAL  TABLES 


Scope  of  the  actuarial  tables 

The  actuarial  functions  included  in  this  volume  are 
based  on  the  1939-1941  life  tables  for  white  males  and 
white  females  in  the  United  States,  and  on  a  Makeham 
graduation  of  the  life  table  for  total  whites,  which  was 
prepared  in  order  to  facilitate  the  calculation  of  values 
of  annuities  and  other  benefits  involving  two  or  more 
joint  lives.  In  addition  to  the  elementary  life  table 
values,  the  functions  tabulated  on  the  basis  of  the 
white  males  and  white  females  tables  are  the  usual 
commutation  columns  (C,  D,  M,  N,  R,  and  S),  whole 
life  immediate  annuity  values,  and  both  single  and 
annual  premiums  for  whole  life  assurances.  These  are 
given  at  five  interest  rates:  2,  2%,  3,  ?>}{,  and  4  percent. 

The  functions  tabulated  for  the  makehamized  mor- 
tality table  1  are  the  elementary  values  including  the 
force  of  mortality,  single  whole  life  immediate  annuities, 
and  equal  age  whole  life  immediate  annuities  for  two, 
three,  and  four  joint  lives.  The  annuity  values  are 
shown  for  four  interest  rates:  2,  2}{,  3,  and  4  percent. 
A  table  of  the  Makeham  constants  and  their  common 
logarithms,  and  a  table  of  uniform  seniority  for  two 
lives  are  also  included.  This  mortality  table  follows 
Makeham's  law  at  ages  17  and  over.  An  auxiliary 
table,  to  facilitate  the  approximate  computation  of 
joint  life  annuity  values  when  one  or  more  of  the  lives 
are  under  age  17,  is  given  on  page  96. 

Comparison  with  mortality  tables  based  on  the  experi- 
ence of  insured  lives 

It  is  interesting  to  compare  the  life  tables  for  which 
actuarial  functions  are  tabulated  here  with  those  based 
on  recent  life  insurance  experience. 

Among  such  tables,  the  greatest  interest  attaches  to 
the  Commissioners  1941  Standard  Ordinary  Mortality 
table  2  which  has  now  (August  1945)  been  recognized 
by  law  in  25  States  3  including  the  23  which  have  en- 
acted the  Standard  Non-Forfeiture  and  Valuation 
Laws  4  recommended  by  the  National  Association  of 

•  The  term  "mortality  table,"  which  is  the  name  customarily  applied  by  actuaries, 
is  a  more  appropriate  one  to  describe  the  makehamized  table,  since  this  table  does  not 
include  values  of  the  average  future  lifetime  or  of  the  functions  relating  to  the  sta- 
tionary population. 

1  National  Association  of  Insurance  Commissioners,  Report  of  the  Committee  To 
Study  Non-Forfeiture  Benefits  and  Related  Matters,  p.  186, 1941. 

2  California,  Colorado,  Connecticut,  Delaware,  Illinois,  Indiana,  Kentucky,  Maine, 
Maryland,  Massachusetts,  Michigan,  Missouri,  Montana,  Nebraska,  New  Hamp- 
shire, New  Jersey,  New  Mexico,  North  Carolina,  Oregon,  Pennsylvania,  Tennessee, 
Vermont,  Virginia,  West  Virginia,  and  Wisconsin.  Colorado  and  Connecticut  have 
recognized  the  new  table  but  have  not  enacted  the  standard  laws. 

4  National  Association  of  Insurance  Commissioners,  Report  of  the  Committee  of  Com- 
missioners Appointed  To  Consider  and  To  Make  Recommendations  <m  the  Report  of  the 
Committee  To  Study  Non-Forfeiture  Benefits  and  Related  Matters,  Exhibits  A  and  B, 
1942. 


Insurance  Commissioners  in  December  1942.  How- 
ever, this  table  cannot  be  regarded  as  reflecting  current 
life  insurance  experience,  since  the  rates  of  mortality 
include  adjustments  which  are  considered  sufficient  to 
provide  "reasonable  margins  for  adverse  fluctuations  in 
mortality  and  for  contingencies,"  together  with  an  ad- 
ditional factor  of  conservatism  in  the  calculation  of  pre- 
miums.6 However,  the  underlying  experience  table, 
excluding  these  margins,  which  is  known  as  the  1930- 
1940  Experience  table,  is  also  available.6  In  table  N, 
the  rates  of  mortality  for  white  males  in  the  United 
States,  both  in  1929-1931  and  in  1939-1941,  are  com- 
pared with  those  of  both  the  Commissioners  1941 
Standard  Ordinary  Mortality  table  and  the  1930-1940 
Experience  table.  The  corresponding  values  from  the 
makehamized  mortality  table  for  total  whites  (table  38  of 
tins  volume)  are  also  shown.  The  1930-1940  Experience 
table  is  based  primarily  on  the  experience  during  the 
decade  of  16  life  insurance  companies  (15  United  States 
companies  and  1  Canadian  company)  which  include  the 
13  largest  companies  in  the  United  States  and  Canada.7 

Table  N. — Annual  Rate  of  Mortality  Per  1,000  at  Selected 
Ages  From  Certain  United  States  Life  Tables  for 
1929-1931  and  1939-1941,  and  From  Mortality  Tables 
Based  on  Recent  Life  Insurance  Experience  in  the 
United  States  and  Canada 


AGE 

United  States 

white  males, 

1929-1931 

United  States 

white  males, 

1939-1941 

United  States 
total  whites, 

1939-1941, 
makehamized 

Commis- 
sioners 1941 
Standard 
Ordinary 

1930-1940  Ex- 
perience 

0 

62.32 
9.93 
2.6b 
1.47 
2.13 

3.18 
3.71 
4.13 
5.10 
6.79 

9.29 

12.78 
18.19 
26.44 
38.65 

57.96 
85.26 
129.97 
184.68 
245.  50 

48.12 
4.87 
1.38 
1.00 
1.43 

2.12 
2.43 
2.79 
3.63 
5.13 

7.66 
11.55 

17.37 
25.48 
36.85 

54.54 
83.13 
124. 71 
181.04 
248. 94 

43.15 

4.60 

1.24 

.85 

1.30 

1.65 
1.98 
2.49 
3.29 
4.53 

6.46 

9.45 
14.08 
21.25 
32.30 

49.26 
75.06 
113.82 
170.94 
252. 61 

i  22.  58 
5.77 
2.76 
1.97 
2.15 

2.43 
2.88 
3.56 
4.59 
6.18 

8.61 
12.32 
17.98 
26.59 
39.64 

59.30 

88.64 

131.85 

194. 13 

280.99 

I  21.  82 

1 

5.01 

5 

1.96 

10 

1.11 

15 

1.30 

20 

1.67 

25 

2.01 

30-.- 

2.22 

35 

2.79 

40 

4.06 

45 

6.24 

50.- - 

9.76 

55 

15.40 

60 

23.69 

65 

36.13 

70-— 

54.25 

75 

81.05 

80 .— 

121.06 

85.. 

178. 9S 

90 

265.23 

'  Extension  to  age  0  by  Malvin  E.  Davis.  (See  Transactions,  Actuarial  Society  of 
America,  vol.  43,  Part  1,  No.  107,  p.  103,  May  1942.)  These  rates  include  a  relatively 
small  proportion  of  experience  in  the  first  week  of  life,  where  the  mortality  rate  is 
high. 


•  Thompson,  John  S.,  The  Commissioners  19U  Standard  Ordinary  Mortality  Table, 
Transactions,  Actuarial  Society  of  America,  vol.  42,  Part  2,  No.  106,  pp.  314-340, 
September  1941. 

•  Thompson,  op.  cit.,  p.  325.  This  article  gives  a  complete  account  of  the  method  of 
construction  of  both  tables. 

'  Report  of  Joint  Committteon  Mortality,  Transactions,  Actuarial  Society  of  America, 
vol.  35,  Part  2,  No.  92,  pp.  353-356,  October  1934,  and  vol.  42,  Part  1,  No.  105,  pp. 
140-149,  May  1941. 
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It  can  therefore  be  considered  representative  of  recent 
life  insurance  experience  in  the  two  countries. 

In  comparing  this  table  with  those  based  on  the 
experience  of  the  general  population,  several  points 
should  be  kept  in  mind.  In  the  first  place,  although 
the  insurance  experience  included  insurance  on  the  lives 
of  women  as  well  as  men,  policies  on  the  lives  of  men 
are  far  more  numerous.  In  addition,  tabulation  was 
on  the  basis  of  amounts  of  insurance  rather  than  lives, 
so  that  the  death  of  an  individual  having  $10,000  of 
insurance  has  the  same  effect  as  10  deaths  of  persons 
with  $1,000  policies.  As  men,  in  general,  carry  much 
larger  amounts  of  insurance  than  women,  it  is  clear 
that  the  total  experience  reflects  the  mortality  of  males 
to  a  much  greater  extent  than  that  of  females.  In  the 
second  place,  all  group  and  industrial  insurance  were 
excluded  from  the  experience,  which  in  view  of  the 
tabulation  by  amounts  rather  than  lives  insured,  sug- 
gests that  a  very  substantial  proportion  of  the  total 
insurance  represented  was  held  by  persons  in  the 
higher  income  levels.  In  the  third  place,  the  ex- 
perience was  limited  to  persons  who  had  undergone  a 
medical  examination  at  the  time  of  issuance  of  the  policy, 
and  also  (with  some  exceptions  at  the  oldest  and  the 
youngest  ages)  to  those  policies  issued  in  1925  or  later, 
while  at  the  same  time  all  experience  during  the  first 
5  years  of  the  existence  of  a  particular  policy  was 
excluded.8  This  means  that  the  experience  consisted, 
for  the  most  part,  of  persons  who  had  been  medically 
examined  between  5  and  15  years  prior  to  the  time  of 
exposure. 


•  Thompson,  op.  cit.,  pp.  316,  322-327. 


Table  N  shows  that  mortality  rates  under  the  1930- 

1940  Experience  table  are  lower  at  most  ages  than  those 
of  white  males  in  the  United  States  in  1939-1941.  This 
is  probably  due  primarily  to  the  influence  of  the  greater 
weight  given,  in  the  insurance  experience,  to  persons 
in  the  higher  income  brackets,  and  to  the  inclusion  of 
a  number  of  female  lives,  and  only  slightly  due,  if  at 
all,  to  the  medical  examination,  the  effect  of  which 
would  be  expected  to  have  largely  worn  off  after  5  to 
15  years.  The  difference  is  actually  somewhat  greater 
than  the  figures  indicate,  since  the  insurance  experience 
covers  a  somewhat  earlier  period.  The  mortality  rates 
in  the  Commissioners  table  are,  in  general,  intermediate 
between  those  for  white  males  in  1929-1931  and  1939- 

1941  to  about  age  60,  after  which  they  are  higher  than 
either.  When  the  mortality  rates  of  the  1930-1940 
Experience  table  are  compared  with  those  of  the  make- 
hamized  mortality  table  for  total  whites  in  1939-1941, 
it  is  found  that  the  insurance  table  shows  lower  rates 
at  ages  13  to  19  and  26  to  47  and  higher  rates  else- 
where. At  ages  above  47  the  difference  increases 
rapidly.  However,  if  comparison  is  made  with  the 
unmakekamized  mortality  rates  for  total  whites  in 
1939-1941  (table  4  in  this  volume),  the  ages  at  which 
the  life  insurance  mortality  is  lower  are  18  to  48. 

Table  O  gives  a  similar  comparison  of  net  values  of 
immediate  whole  life  annuities  and  single  and  annual 
net  premiums  for  whole  life  insurance  at  3  percent 
interest.  In  this  case,  the  life  table  for  white  males 
in  the  United  States  in  1929-1931  is  not  included  in 
the  comparison,  as  commutation  columns  on  this  basis 
are  not  available.  These  premiums  and  values  are 
based  on  interest  and  mortality  only,  and  include  no 


Table  O. — Immediate  Whole  Life  Annuity  Values  and  Single  and  Annual  Net  Premiums  '  at  3  Percent  Interest,  Derived 
From  Certain  United  States  Life  Tables  for  1939-1941  and  From  Mortality  Tables  Based  on  Recent  Life  Insurance 
Experience  in  the  United  States  and  Canada 


VALUE  OF  IMMEDIATE  WHOLE  LITE  ANNUITY  OF 
ONE  PER  ANNUM 

NET  SINGLE  PREMIUM  FOR  WHOLE  LIFE  INSURANCE 
OF  ONE  UNIT 

NET  ANNUAL  PREMIUM  FOR  WHOLE  IXTE  INSUR- 
ANCE  OF  ONE  UNIT 

AGE 

United 
States 
white 
males, 
1939-1941 

United 

States 

total 

whites, 

1939-1941, 
make- 

hamized 

Commis- 
sioners 
1941 
Standard 
Ordinary 

1930-1940 
Experience 

United 

States 

white 

males, 

1939-1941 

United 
States 
total 

whites, 
1939-1941, 

make- 
fa  amized 

Commis- 
sioners 
1941 
Standard 
Ordinary 

1930-1940 
Experience 

United 

States 

white 

males, 

1939-1941 

United 

States 

total 

whites, 

1939-1941, 
make- 

hamized 

Commis- 
sioners 
1941 
Standard 
Ordinary 

1930-1940 
Experience 

0 

26. 2661 
27. 4216 
27.00SO 
26. 1725 
25. 1862 

24.1201 
22.9490 
21. 6056 
20.  0917 
IS.  4247 

16. 6360 
14. 7687 
12. 8673 
10. 9775 
9. 1155 

7. 3134 
5.6634 
4.2681 
3. 1562 
2.3350 

26.  7047 

27.  7461 
27.  3545 
26. 5553 
25.  6216 

24.  5966 
23. 4392 
22. 1352 
20.  6798 
19. 0744 

17. 3295 
15. 4660 
13.5186 
11. 5350 
9. 5745 

7.7029 

2  26.  3993 
26. 8195 
26. 4770 
25.  7391 
24. 8033 

23. 7453 
22.  54S9 
21.2078 
19.  7207 
18.  0928 

16.  3393 
14. 4S64 
12.5730 
10.  6494 
8.7742 

7  0091 

3  27.1190 
27. 5557 
27.2266 
26. 4962 
25.5628 

24.  5249 
23. 3616 
22. 0339 
20.5160 
18. 8243 

16. 9913 
15.0544 
13.0686 
11.0926 
9. 1781 

7.3785 
B.  7324 

0.20584 
. 17218 
.18423 
.20S57 
.23730 

.26835 
.30246 
.3415S 
.38568 
.43422 

.48634 
.54074 
. 59612 
.65112 
.70538 

. 75787 
.80592 
.84655 
.87896 
.90285 

0. 19307 
.16274 
.  17415 
. 19742 
.22462 

.25447 
.28818 
.32616 
.36S55 
.41531 

.46613 
. 52041 
.57713 
.63491 
. 69201 

.74652 
.79657 

>  0.  20196 
.18972 
.19970 
.22119 
.24845 

.27926 
. 31411 
.35317 
.39649 
.44390 

.49497 

>  0. 18100 
.16S28 
.17787 
. 19914 
.22632 

.25656 
.29044 
.32911 

. 37332 
.42259 

. 47598 

0. 00755 
.00606 
.00658 
.00768 
.00906 

.01068 
.01263 
.01511 
.01829 
.02235 

.02758 
.03429 
.04299 
.05436 
.06973 

.09116 
.12095 
.16069 
.21148 
.97072 

0.00697 
.00566 
.00614 
.00716 
.00844 

.00994 
.  01179 
.01410 
.01700 
.02069 

.02543 
.03161 
.03975 
.05065 
.06544 

.08578 
.11405 
.15359 
.20882 
.28494 

5  0.00737 
.00682 
.00727 
.00827 
.00963 

.01129 
.01334 
.01590 
.01913 
.02325 

.02855 
.03545 
.04455 
.05672 
. 07318 

.09573 
.12687 
.17004 
.22972 
.31228 

"'  0.00644 

1 

.005S9 

5 

.00630 

10 

.00724 

15 

.00852 

20 

.01005 

25 

.01192 

30 

.01429 

35 

.01735 

40 

.02132 

45 

.02646 

50 

.54894             .53239 
.60467             .59023 
.  66070             -  64779 

.03316 

55 

.04195 

60 

.053-57 

65 

.71531 

.  76673 
81329 

.70355 

.75597 
.80391 
.84625 
.88221 
.91529 

.06912 

70_ 

.09023 

75 

5. 9845            5. 4104 

.11941 

80 

4.4730  |           4.0210             4_  2787 

.84059  |           .85376 
.87760             .88748 
.90726              -914R8 

.16031 

85 

3.2026             2.8633 
2. 1840 

3.0444 
1.9084 

. 21813 

90 

. 31470 

1  These  premiums  and  values  are  based  on  interest  and  mortality  only,  and  include  no  allowance  for  operating  expenses,  taxes,  or  contingencies.    They  are  not  to  be 
compared  with  the  gross  premium  rates  actually  charged  by  life  insurance  companies. 
1  Based  on  Davis  extension.    See  footnote  to  table  N. 


ACTUARIAL  TABLES 


57 


allowance  for  operating  expenses,  taxes,  or  contin- 
gencies. They  are  not  to  be  compared  with  the  gross 
premium  rates  actually  charged  by  life  insurance 
companies. 

Uses  of  the  actuarial  tables 

The  actuarial  tables  based  on  the  1939-1941  United 
States  life  tables  for  white  males  and  white  females 
can  be  used  in  making  valuations  and  cost  estimates 
for  pension  schemes  and  collective  plans  for  providing 
benefits  to  dependent  survivors,  wdien  the  covered 
group  can  be  considered  representative  of  the  general 
population  of  the  Nation.  This  implies,  in  the  case 
of  death  benefits,  that  the  members  of  the  group  have 
not  been  selected  primarily  on  the  basis  of  physical 
fitness,  economic  status,  or  any  other  characteristic 
which  would  materially  affect  their  mortality  prospects; 
and,  in  the  case  of  annuities,  that  there  has  not  been  a 
strong  element  of  self-selection,  such  as  is  commonly 
exercised  by  annuitants  of  life  insurance  companies. 
An  example  would  be  a  social  insurance  coverage  which 
applies  on  a  compulsory  basis  to  all  persons  engaged  in 
specified  occupations.  Of  course,  groups  in  particular 
occupations  involving  a  special  hazard  could  not  be 
considered  representative  of  the  general  population. 

The  actuarial  tables  can  also  be  used  in  courts  of  law 
in  damage  suits  involving  loss  of  income  through  death 
or  disablement,  and  in  all  other  cases  in  which  a  lump 
sum  payment  is  to  replace  a  series  of  periodic  payments 
during  the  life  of  an  individual,  and  vice  versa.  Sim- 
ilar, but  frequently  more  complicated,  problems  arise 
in  the  valuation  of  estates,  particularly  when  two  or 
more  different  heirs  have  an  immediate  or  contingent 
interest  in  the  same  property.  The  tables  might  also 
be  used,  in  some  cases,  in  determining  the  value  of  life 
annuities  payable  under  workmen's  compensation  laws. 

It  would  be  outside  the  scope  of  this  volume  to  enter 
into  any  discussion  of  the  technicalities  of  these  various 
uses.  However,  they  all  involve  the  calculation  of 
present  values  of  life  annuities  or  net  premiums  for 
life  insurance  benefits.  The  basic  mathematical  theory 
underlying  these  calculations  is  presented  from  an  ele- 
mentary standpoint  on  pages  85  to  92  of  part  IV;  and 
specific  instructions  in  the  use  of  the  actuarial  tables  in 
this  volume,  together  with  numerical  examples,  are 
given  on  pages  92  to  99.  For  the  reader  who  is  already 
conversant  with  the  general  theory,  but  wishes  to 
acquaint  himself  with  the  particular    arrangement  of 


tables  adopted  in  this  volume,  the  following  summary 
may  be  helpful. 

Auxiliary  tables  intended   for  use  in  connection  with 
the  actuarial  tables 

Subject  Table  Page 

Reference  lists  of  formulas: 

For  single  life  annuities P  87 

For  single  life  assurance  benefits Q  88 

For  annuities  and  assurance  benefits  involv- 
ing two  or  more  joint  lives R  91 

Auxiliary  tables  for  use  in  special  calculations: 
In  computing  values  of  joint  life  annuities 
involving  ages  under  17: 

Preserit  value  of  one  due  in  1  to  17 
years  at  2,  2}£  3,  and  4  percent  in- 
terest       S  95 

Adjustment  factor  r  for  approximating 
values  of  joint  life  annuities  involv- 
ing ages  under  17 U  96 

In  computing  assurance  premiums  involv- 
ing two  or  more  joint  lives: 

Values  of  the  rate  of  discount  for  var- 
ious rates  of  interest Y  97 

In  estimating  joint  life  annuity  values  based 
on  the  separate  life  tables  for  white  males 
and  white  females: 

Adjusted  ages  for  use  in  the  rougher 

method  of  approximation Z  98 

Mathematical  notation  employed  in  the  actuarial  tables 
The  symbols  used  in  the  headings  of  the  actuarial 
tables  conform  to  standard  actuarial  practice  except  that 
the  simpler  forms  Nx  and  Sx  are  employed  instead  of 
Njc  and  Sr.  The  special  open-face  symbols  have  never 
served  any  real  need  except  in  England,9  and  their  use 
seems  to  have  been  almost  wholly  confined  to  English- 
speaking  countries.  The  usage  adopted  in  this  volume, 
besides  conforming  to  general  practice  outside  the 
English-speaking  world,  has  been  recommended  for 
adoption  by  a  subcommittee  designated  by  the  Per- 
manent Committee  of  the  International  Congresses  of 
Actuaries  to  study  the  revision  of  the  international 
actuarial  notation.10  In  order  to  avoid  any  possible 
confusion,  the  definitions  of  the  symbols  Nx  and  Sx  as 
used  in  this  volume  are  given  at  the  bottom  of  each 
page  of  tables  in  which  they  appear. 

8  See  Notation  Internationale,  pamphlet  issued  by  the  Comitfi  Permanent  des  Con- 
gres  Internationaux  d'Actuaires,  p.  4,  Bruxelles,  Ffevrier  1939;  also  E.  F.  Spurgeon, 
Life  Contingencies,  third  edition,  pp.  35, 36,  69,  Cambridge  University  Press,  London, 
1938. 

10  Notation  Internationale  (previously  cited),  p.  102.  The  fact  that  the  cnange  was 
actually  proposed  by  the  British  actuarial  bodies  shows  that  there  is  general  agreement 
as  to  its  desirability. 
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Table  14. — United  States  White  Males:  1939-1941 — Elementary  Values 

In  the  interest  of  internal  consistency  within  the  actuarial  tables,  certain  of  these  values  have  been  altered  very  slightly  from  those  appearing  in  table  5,  p.  34.    For 

explanation,  see  text,  p.  137] 


07  100,000  BORN  ALIVE 

PROBABILITY 

OF  SURVIVING 
1   YEAR  AT 
EACH  AGE 

PROBABILITY 

OF  DYING  IN 

EACH  YEAR 

OF  AGE 

FORCE  OF 

MORTALITY 
AT   EACH  AGE 

AGE 

OF  100,000  BORN  ALIVE 

PROBABILITY 

OF  SURVIVING 

1   YEAR  AT 

EACH  AGE 

PROBABILITY 

OF  DYING  IN 

EACH   YEAR 

OF  AGE 

AGE 

Number 
surviving 
to  each  age 

Number 

dying  in 

each  year 

of  age 

Number 

surviving 
to  each  age 

Number 

dying  in 

each  year 

of  age 

FORCE  OF 
MORTALITY 
AT  EACH  AGE 

X 

U 

d, 

P. 

?« 

/*j 

X 

U 

d, 

Pi 

?» 

/«* 

0 

100, 000 
95,188 
94,  724 
94,474 
94,295 

94, 150 
94,020 
93,904 
93, 796 
93, 697 

93,601 
93,508 
93, 413 
93,  314 
93,208 

93, 089 
92, 956 
92, 809 
92,649 
92, 477 

92,293 
92, 098 
91, 893 
91,  679 
91,461 

91,241 
91,019 
90,796 
90,568 
90,334 

90,092 
89,841 
89,  579 
89,305 
89, 017 

88,713 
88,391 
88,049 
87,685 
87,296 

86.8S0 
86,434 
85,955 
85,440 
84,885 

84,285 
83,639 
82,943 
82, 193 
81,387 

80, 521 
79, 591 
78,594 
77,525 
76,380 

4,812 
464 
250 
179 
145 

130 
116 
108 
99 
96 

93 
95 
99 
106 

119 

133 

147 
160 
172 
184 

195 

205 
214 
218 
220 

222 
223 
228 
234 
242 

251 
262 
274 
288 
304 

322 

342 
364 
389 
416 

446 

479 
515 
555 
600 

646 

696 
750 
806 
866 

930 

997 
1,069 
1,145 
1,224 

0. 95188 
.  99513 
.99736 
.99811 
.99846 

. 99862 
.99877 
.99885 
. 99894 
.99898 

.99901 
.99898 
.99894 
.99886 
.99872 

.99857 
.99842 
.99828 
.99814 
.99801 

.99789 
. 99777 
.99767 
.99762 
.99759 

.99757 
.99755 
. 99749 
.99742 
.99732 

.99721 
.99708 
.99694 
.99678 
.99658 

.99637 
.99613 
.99587 
.99556 
.99523 

.99487 
.99446 
.99401 
.99350 
.99293 

.99234 

.99168 
.99096 
.99019 
. 98936 

.9SS45 
. 98747 
.98640 
.98523 
.98397 

0.04812 
.00487 
.00264 
.00189 
.00154 

.00138 
.00123 
.00115 
.00106 
.00102 

.00099 
.00102 
.00106 
.00114 
.00128 

.00143 
.00158 
.00172 
.00186 
.00199 

.00211 
.00223 
.00233 
.00238 
.00241 

.00243 
.00245 
.00251 
.00258 
.00268 

.00279 
.00292 
.00306 
.00322 
.00342 

.00363 
.00387 
.00413 
.00444 
.00477 

.00513 
.00554 
.00599 
.00650 

.00707 

.00766 
.00832 
.00904 
.00981 
.01064 

.01155 
.01253 
.01360 
. 01477 
.01603 

10. 29757 
.00813 
.00300 
.00212 
.00167 

.00144 
.00131 
.00119 
.00110 
.00104 

.00100 
.00100 
.00103 

.00109 
.00120 

.00135 
.00151 
.00166 
.00179 
.00192 

.00206 
.00218 
.00228 
.00236 
.00240 

.00242 
.00244 
.00248 
.00255 
.00264 

.00273 
.00285 
.00299 
.00314 
.00332 

.00352 
.00375 
.00401 
.00429 
.00460 

.00495 
.00534 
.00578 
.00626 
.00679 

.00738 
.00802 
.00871 
.00946 

.01027 

.01114 

.01210 
.01314 
.01427 
.01550 

55 

75,156 
73,851 
72,461 
70,988 
69,430 

67, 787 

«,  m> 

64,247 
62,351 
60,370 

58,305 
56,157 
53,925 
51, 610 
49,214 

46,739 
44,190 
41,  572 
38,894 
36,166 

33,404 
30,627 
27,858 
25,123 
22,448 

19,860 
17,383 
15,042 
12,855 
10,841 

9,013 
7,382 
5,950 
4,717 
3,675 

2,812 
2,112 
1,556 
1,124 
795.8 

551.9 
374.9 
249.3 
162.3 
103.4 

64.52 
39.40 
23.56 
13.80 
7.920 

4.458 

2.463 

1.336 

.7131 

1,305 
1,390 
1,473 
1,558 
1,643 

1,727 
1,813 
1,896 
1,981 
2,065 

2,148 
2,232 
2,315 
2,396 
2,475 

2,549 
2,618 
2,678 
2,728 
2,762 

2,777 
2,769 
2,  735 
2,675 
2,588 

2,477 
2,341 
2,187 
2,014 
1,828 

1,631 
1.432 
1,233 
1,042 
863 

700 

556 

432 

328.2 

243.9 

177.0 

125.6 
87.0 
58.9 
38.88 

25.12 

15.84 
9.76 
5.880 
3.462 

1.995 
1.127 
.6229 
.7131 

0.98264 
.98118 
.97967 
.97805 
.97634 

. 97452 
.97256 
.97049 
.96823 
.96579 

.96316 
.96025 
.  95707 
.95357 
.94971 

.94546 
.94076 
.93558 
.92986 
.92363 

.91687 
.90959 
.90182 
.89352 
.88471 

.87528 
.86533 
.85461 
.84333 
.83138 

.81904 
.80601 
.79277 
. 77910 
.76517 

.  75107 
.  73674 
.72237 
.70801 
.  69352 

.67929 
.66498 
.65102 
.63709 
.62398 

.61066 
. 59797 
.58574 
. 57391 
.56288 

.55249 
.54243 
.53376 
.00000 

0.01736 
.01882 
.02033 
. 02195 
.02366 

.02548 
.02744 
.02951 
.03177 
.03421 

.03684 
.  03975 
.04293 
.04643 
.05029 

.05454 
.05924 
.06442 
. 07014 
.07637 

.08313 
.09041 
.09818 
.10648 
.11529 

.12472 
.13467 
.14539 
.15667 
.16862 

.18096 
.19399 
.20723 
.22090 
.23483 

.24893 
.26326 
.27763 
.29199 
.30648 

.32071 
.33502 
-.  34898 
.36291 
.37602 

.38934 
.40203 
.41426 

.42608 

.43712 

.44751 
. 45757 
.46624 
1.00000 

0. 01682 

1 

56 

.01824 

2 

57 

.01975 

3 

58. _ 

.02135 

4 

59 

.02305 

5 

60... 

.02486 

6 

61.. _ 

.02679 

7 

62_. _ 

.02887 

8 

63. 

.03109 

9 

64 

.03350 

10 

65 

.03613 

11 

66. 

.03900 

12 

67 

.04217 

13 

68-- 

.04565 

14 

69 

.04950 

15 

70.. 

.05376 

16 

71 

.05849 

17 

72 

.06374 

18 

73 

.06956 

19 

74-. 

.07598 

20 

75 

.08301 

21 

76 

.09066 

22 

77 

.09894 

23 

78-   

.10785 

24 

79-.. 

.11742 

25 

80 

.12772 

26 

81 

.13880 

27 

82 

.15074 

28 

83 

.16359 

29 

84- - 

.17737 

30   . 

85 _- 

.19203 

31 

86 

.20754 

32 

87.- 

.22382 

33   . 

88- - 

.24084 

34   . 

89 

.25854 

35 

90 

.27687 

36   . 

91 

.29580 

37 

92 

.31526 

38... 

93- 

.33521 

39.. 

94- — 

.35558 

40 

95 

.37631 

41.. 

96.- .- 

. 39732 

42... 

97.   

.41853 

43 

98 

.43985 

44 

99. 

.46120 

45 

100 

101 

102 

103 

104- 

105 

106 

107 

108 

.48245 

46 

.50351 

47.. 

.52425 

48 - 

.54453 

49 

.56422 

50— 

.58317 

51.. 

.60122 

52 

. 61822 

53 

54-. 

ACTUARIAL  TABLES 

Table  15. — United  States  White  Males:     1939-1941 — Commutation  Columns  at  2  Percent  Interest 
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X 

Dx 

N, 

& 

C, 

M* 

Rx 

X 

D, 

N: 

S, 

C, 

M, 

R, 

0 

100, 000 

3, 458, 807 

94, 230, 796 

4, 717. 6 

32, 180. 2 

1,611,142.8 

55 

25, 290 

385, 621 

4, 252, 498 

430.  53 

17,  729. 07 

302, 239. 59 

l 

93, 322 

3, 358, 807 

90, 771, 989 

445.98 

27,  462.  56 

1,  578,  962.  58 

56 

24,364 

360, 331 

3, 866, 877 

449.58 

17, 298. 54 

284, 510. 52 

2 

91, 046 

3, 265, 485 

87, 413, 182 

235. 58 

27, 016.  58 

1,  551, 500. 02 

57 

23,  437 

335, 967 

3,  506, 546 

467. 08 

16, 848. 96 

267,211.98 

3 

89, 025 

3, 174, 439 

84, 147, 697 

165. 37 

26, 781. 00 

1,  524, 483.  44 

58 

22,  510 

312,  530 

3, 170, 579 

484.  35 

16,381.88 

250,  363. 02 

4 

87, 114 

3, 085, 414 

80, 973,  258 

131.  33 

26, 615. 63 

1, 497, 702.  44 

59 

21,  584 

290, 020 

2, 858, 049 

500. 76 

15, 897. 53 

233, 981. 14 

5 

85,  275 

2, 998, 300 

77, 887, 844 

115. 44 

26, 484. 30 

1, 471, 086. 81 

60 

20, 660 

268, 436 

2,  568, 029 

516. 04 

15, 396. 77 

218, 083. 61 

6 

83, 487 

2, 913, 025 

74, 889, 544 

100. 98 

26, 368. 86 

1, 444, 602.  51 

61 

19, 739 

247,  776 

2,  299,  593 

531.11 

14, 880.  73 

202, 686. 84 

7 

81,  749 

2, 829, 538 

71, 976,  519 

92. 177 

26, 267. 88 

1, 418,  233. 65 

62 

18, 821 

228, 037 

2, 051, 817 

544.  54 

14,  349. 62 

187, 806. 11 

8 

80, 054 

2, 747, 789 

69, 146, 981 

82. 839 

26, 175.  70 

1, 391, 965. 77 

63 

17, 907 

209,  216 

1, 823, 780 

557.  79 

13, 805. 08 

173, 456. 49 

9 

78, 401 

2, 667,  735 

66, 399, 192 

78. 753 

26, 092. 86 

1, 365, 790. 07 

64 

16, 998 

191, 309 

1,614,564 

570. 04 

13, 247.  29 

159. 651. 41 

10 

76, 785 

2, 589,  334 

63,732,457 

74. 796 

26,014.11 

1, 339, 697.  21 

65 

16, 095 

174,311 

1,423,255 

581. 33 

12, 677. 25 

146,404.12 

11 

75,205 

2,  512,  549 

61, 142, 123 

74. 907 

25, 939. 32 

1,313,683.10 

66 

15, 198 

158, 216 

1, 248, 944 

592.  22 

12, 095. 92 

133,  726. 87 

12 

73, 656 

2, 437, 344 

58, 629, 574 

76. 530 

25, 864. 41 

1,  287, 743. 78 

67 

14, 308 

143, 018 

1, 090, 728 

602. 20 

11,503.70 

121,630.95 

13 

72, 135 

2, 363, 688 

56, 192, 230 

80. 335 

25, 787. 88 

1,  261,  879.  37 

68 

13,  425 

128, 710 

947, 710 

611.05 

10,901.50 

110, 127.  25 

14 

70, 640 

2, 291, 553 

53, 828, 542 

88. 419 

25, 707. 54 

1,  236, 091. 49 

69 

12,  551 

115,285 

819, 000 

618. 82 

10, 290. 45 

99, 225. 75 

15 

69, 166 

2,220,913 

51, 536, 989 

96. 883 

25, 619. 12 

1, 210, 383. 95 

70 

11, 686 

102, 734 

703,715 

624.82 

9, 671. 63 

88, 935. 30 

16 

67, 713 

2, 151, 747 

49, 316, 076 

104. 98 

25,  522. 24 

1, 184, 764. 83 

71 

10, 832 

91,048 

600,981 

629. 15 

9, 046. 81 

79,  263. 67 

17 

66, 281 

2, 084, 034 

47, 164, 329 

112.03 

25, 417.  26 

1, 159, 242.  59 

72 

9, 990.  5 

80,  215. 8 

509,933.3 

630. 95 

8, 417. 66 

70,  216. 86 

18 

64, 869 

2, 017, 753 

45, 080,  295 

118. 07 

25, 305. 23 

1, 133, 825. 33 

73 

9, 163.  7 

70,  225. 3 

429, 717. 5 

630. 13 

7, 786. 71 

61,  799. 20 

19 

63, 479 

1, 952, 884 

43, 062,  542 

123. 83 

25, 187. 16 

1, 108, 520. 10 

74 

8,  353. 9 

61,061.6 

359, 492.  2 

625. 48 

7, 156. 58 

54, 012. 49 

20 

62,  111 

1, 889, 405 

41, 109,  658 

128. 66 

25, 063. 33 

1, 083, 332.  94 

75 

7, 564.  6 

52,  707. 7 

298, 430. 6 

616.  54 

6,  531. 10 

46, 855. 91 

21 

60,  764 

1, 827, 294 

39, 220,  253 

132. 60 

24, 934.  67 

1, 058, 269.  61 

76 

6, 799. 7 

45, 143. 1 

245,  722.  9 

602. 71 

6, 914. 56 

40, 324. 81 

22 

59,440 

1, 766, 530 

37, 392, 959 

135.  71 

24, 802. 07 

1, 033, 334.  94 

77 

6, 063. 7 

38,  343. 4 

200, 579. 8 

583. 64 

5, 311. 85 

34, 410. 25 

23 

58, 139 

1, 707, 090 

35,  626, 429 

135. 54 

24, 666. 36 

1, 008,  532. 87 

78 

5, 361. 2 

32,  279.  7 

162,  236. 4 

559. 64 

4,  728. 21 

29, 098. 40 

24 

56, 863 

1, 648, 951 

33, 919, 339 

134. 10 

24, 530. 82 

983, 866. 51 

79 

4,  696. 4 

26, 918.  5 

129, 956.  7 

530. 82 

4, 168.  57 

24, 370. 19 

25 

55, 614 

1, 592, 088 

32,  270, 388 

132. 66 

24, 396. 72 

-  959, 335. 69 

80 

4, 073.  5 

22,  222. 1 

103, 038. 2 

498. 09 

3, 637. 75 

20, 201. 62 

26 

54, 391 

1, 536, 474 

30, 678, 300 

130. 65 

24, 264. 06 

934, 938. 97 

81 

3, 495.  5 

18, 148. 6 

80, 816. 1 

461.  52 

3, 139. 66 

16, 563. 87 

27 

53, 194 

1, 482, 083 

29, 141, 826 

130. 96 

24, 133. 41 

910, 674. 91 

82 

2, 965. 5 

14,  653. 1 

62, 667. 5 

422. 70 

2, 678. 14 

13, 424. 21 

28 

52, 020 

1, 428, 889 

27, 659, 743 

131. 77 

24, 002.  45 

886,  541. 50 

83 

2, 484. 6 

11,687.6 

48, 014. 4 

381.  63 

2,  255. 44 

10, 746. 07 

29 

50, 868 

1, 376, 869 

26,  230,  854 

133. 60 

23, 870. 68 

862,  539. 05 

84 

2, 054. 3 

9, 203. 0 

36,  326. 8 

339. 60 

1, 873. 81 

8, 490. 63 

30 

49, 737 

1, 326, 001 

24, 853, 985 

135. 85 

23, 737. 08 

838, 668. 37 

85 

1, 674.  4 

7, 148.  7 

27, 123. 8 

297. 06 

1, 534. 21 

6, 616. 82 

31 

48, 626 

1, 276, 264 

23, 527, 984 

139. 03 

23, 601.  23 

814,931.29 

86 

1, 344. 5 

5, 474. 3 

19, 975. 1 

255.  70 

1,  237. 15 

5, 082. 61 

32 

47, 534 

1, 227, 638 

22, 251, 720 

142  54 

23, 462. 20 

791, 330. 06 

87 

1, 062. 4 

4, 129. 8 

14,  500. 8 

215.85 

981.  45 

3, 845. 46 

33 

46,  459 

1, 180, 104 

21, 024, 082 

146. 89 

23, 319. 66 

767, 867. 86 

88 

825.  75 

3, 067. 39 

10,371.01 

178. 83 

765.  60 

2, 864. 01 

34 

45, 401 

1, 133, 645 

19, 843, 978 

152. 01 

23, 172. 77 

744, 548.  20 

89 

630. 73 

2,  241. 64 

7, 303.  62 

145. 21 

586. 77 

2, 098. 41 

35 

44,  359 

1, 088, 244 

18,710,333 

157. 85 

23, 020.  76 

721,375.43 

90 

473. 15 

1, 610. 91 

5,061.98 

115.  47 

441.  56 

1, 511. 64 

36 

43, 331 

1, 043, 885 

17, 622, 089 

164. 37 

22, 862.  91 

698, 354. 67 

91 

348. 40 

1, 137. 76 

3, 451. 07 

89. 921 

326. 091 

1, 070. 080 

37 

42, 317 

1,000,554 

16, 578,  204 

171.51 

22,  698. 54 

675,  491.  76 

92 

251. 65 

789.  36 

2, 313.  31 

68. 496 

236. 170 

743. 989 

38 

41,316 

958, 237 

15, 577, 650 

179.  70 

22,  527. 03 

652, 793.  22 

93 

178.  22 

537. 71 

1,  523.  95 

51.018 

167. 674 

507. 819 

39 

40,  326 

916, 921 

14, 619, 413 

188. 40 

22, 347. 33 

630,  266. 19 

94 

123.71 

359. 49 

986.  24 

37. 170 

116.656 

340. 145 

40 

39, 347 

876, 595 

13, 702, 492 

198. 03 

22, 158. 93 

607, 918. 86 

95 

84. 109 

235. 779 

626. 748 

26. 446 

79. 486 

223.489 

41 

38, 378 

837,  248 

12, 825, 897 

208.  51 

21, 960. 90 

585,  759.  93 

96 

56. 014 

151. 670 

390. 969 

18. 398 

53.040 

144. 003 

42 

37, 417 

798, 870 

11,988,649 

219. 79 

21, 752,  39 

563, 799. 03 

97 

36.  518 

95. 656 

239.  299 

12. 494 

34. 642 

90. 963 

43 

36, 463 

761, 453 

11,189,779 

232. 21 

21,  532. 60 

542,  046.  64 

98 

23. 308 

59. 138 

143. 643 

8.2927 

22. 1481 

56. 3212 

44 

35, 516 

724, 990 

10, 428, 326 

246.12 

21, 300. 39 

520,  514. 04 

99 

14. 558 

35. 830 

84.  505 

5. 3667 

13.  8554 

34. 1731 

45 

34, 573 

689, 474 

9,  703, 336 

259.  79 

21,054.27 

499, 213. 65 

100 

8. 9059 

21.  2724 

48. 6749 

3. 3994 

8. 4887 

20.3177 

46 

33, 636 

654, 901 

9, 013, 862 

274. 41 

20, 794. 48 

478, 159. 38 

101 

5.  3319 

12.  3665 

27. 4025 

2. 1015 

5. 0893 

11.8290 

47 

32, 702 

621, 265 

8, 358, 961 

289. 90 

20,  520.  07 

457, 364. 90 

102 

3. 1258 

7. 0346 

15. 0360 

1. 2695 

2. 9878 

6. 7397 

48 

31, 771 

588, 563 

7, 737, 696 

305. 44 

20, 230. 17 

436, 844, 83 

103 

1. 7950 

3.  9088 

8. 0014 

. 74982 

1. 71835 

3.75188 

49 

30, 842 

556,  792 

7, 149, 133 

321. 74 

19, 924.  73 

416, 614. 66 

104 

1. 0100 

2. 1138 

4. 0926 

.43282 

.  96853 

2. 03353 

50 

29, 916 

525, 950 

6, 592, 341 

338. 75 

19, 602. 99 

396, 689.  93 

105 

. 55734 

1. 10378 

1. 97878 

.24453 

.  53571 

1. 06500 

51 

28,990 

496,  034 

6, 066, 391 

356. 03 

19, 264. 24 

377, 086. 94 

106 

. 30189 

. 54644 

. 87500 

. 13543 

.29118 

.52929 

52 

28,066 

467, 044 

5,  570,  357 

374.  26 

18, 908.  21 

357, 822.  70 

107 

. 16054 

.  24455 

.32856 

.  073384 

. 155747 

.238110 

53 

27, 141 

438, 978 

6, 103,  313 

393.  00 

18,  533. 95 

338, 914. 49 

108 

.  084010 

.  084010 

. 084010 

.  082363 

.082363 

. 082363 

54 

26, 216 

411,837 

4, 664, 335 

411.88 

18, 140. 95 

320, 380.  54 

Nz~D,+Dt+l+ 


St=N,+NM+ 


60 


UNITED  STATES  LIFE  TABLES  AND  ACTUARIAL  TABLES 


Table  16. — United  States  White  Males:  1939-1941 — Commutation  Columns  at  2\{  Percent  Interest 


X 

D, 

N, 

S, 

C, 

M, 

R, 

X 

* 

-V, 

S, 

C, 

Urn 

P., 

0 

100, 000 

3,056,502 

77, 493, 669 

4694.6 

25, 451. 3 

1, 166, 413. 7 

55 

19,326 

280,794 

3, 012, 161 

327.40 

12, 477. 85 

207, 325. 11 

1 

92, 866 

2, 956, 502 

74,  437, 167 

441.64 

20,  756.  69 

1, 140,  902.  43 

56 

18,528 

261,468 

2, 731, 367 

340.22 

12, 150. 45 

194,  847.  26 

2 

90, 160 

2, 863, 636 

71,480,665 

232.15 

20,315.05 

1, 120,  205.  74 

57 

17,736 

242.  940 

2, 469, 899 

351.  74 

11,810.23 

182,  696.  SI 

3 

87, 729 

2, 773,  476 

68,  617, 029 

162. 17 

20,  082.  90 

1, 099. 890. 69 

58 

16,  951 

225,204 

2,  226,  959 

362.96 

11,458.49 

170, 886. 58 

4 

85,427 

2, 685,  747 

65, 843, 553 

128.16 

19, 920. 73 

1, 079, 807. 79 

59 

16, 175 

208,253 

2,001,755 

373.43 

11, 095. 53 

159,428.09 

5 

83,  215 

2, 600, 320 

63, 157, 806 

112.10 

19, 792. 57 

1, 059, 887. 06 

60 

15, 407 

192, 078 

1, 793, 502 

382.95 

10. 722. 10 

148, 332. 56 

6 

81, 073 

2,  517, 105 

60,  557,  486 

97.587 

19,  680.  47 

1,040.094.49 

61 

14,648 

176, 671 

1,601,424 

392.21 

10, 339. 15 

137, 610. 46 

7 

78,998 

2,  436,  032 

58, 040, 381 

88.641 

19,582.88 

1, 020, 414. 02 

62 

13,899 

162, 023 

1,424,753 

400.16 

9,946.94 

127, 271. 31 

8 

76, 983 

2, 357, 034 

55, 604,  349 

79.272 

19, 494. 24 

1,000,831.14 

63 

13,160 

148, 124 

1, 262,  730 

407.90 

9,546.78 

117,324.37 

9 

75, 026 

2, 280, 051 

53,  247,  315 

74.995 

19,414.97 

981, 336. 90 

64 

12, 431 

134,964 

1,114,606 

414.83 

9.138.88 

107,777.59 

10 

73, 121 

2, 205, 025 

50, 967,  264 

70. 879 

19, 339. 97 

961, 921. 93 

65 

11,713 

122,533 

979,642 

420.98 

8,724.05 

98,638.71 

11 

71,267 

2, 131, 904 

48,  762,  239 

70. 638 

19,  269. 10 

942, 581. 96 

66 

11,006 

110,820 

857, 109 

426.77 

8,303.07 

89,914.66 

12 

69, 458 

2, 060, 637 

46, 630,  335 

71.817 

19, 198.  45 

923,  312. 86 

67 

10,311 

99,814 

746,289 

431.85 

7, 876. 30 

81, 611.. 59 

13 

67, 692 

1,991,179 

44,  569,  698 

75. 019 

19, 126. 64 

904,114.40 

68 

9, 627. 4 

89,  502. 9 

646,  474.  6 

436.05 

7,  444.  45 

73, 735. 29 

14 

65, 966 

1,923,487 

42, 578, 519 

82. 165 

19,051.62 

884, 987. 76 

69 

8, 956. 6 

79. 875. 5 

556, 971. 7 

439.45 

7,008.40 

66,290.84 

15 

64,  275 

1, 857, 521 

40, 655, 032 

89. 592 

18, 969. 46 

865, 936. 14 

70 

8,298.7 

70, 918. 9 

477,096.2 

441.55 

6, 568. 95 

59.282.44 

lfi 

62,  617 

1, 793, 246 

38,  797,  511 

96.608 

18, 879. 86 

846, 966. 68 

71 

7, 654. 7 

62, 620. 2 

406, 177. 3 

442.44 

6, 127. 40 

52,  713. 49 

17 

60,  994 

1,  730, 629 

37, 004,  265 

102.  59 

18, 783. 26 

828,086.82 

72 

7, 025.  6 

54,965.5 

343, 557. 1 

441.54 

5.684.96 

46,586.09 

18 

59,  403 

1, 669, 635 

35, 273, 636 

107.  59 

18, 680. 67 

809, 303. 56 

73 

6,  412.  7 

47, 939. 9 

288, 591. 6 

438.81 

5,  243. 42 

40, 901. 13 

19 

57, 847 

1,610,232 

33, 604. 001 

112.29 

18, 573. 08 

790,622.89 

74 

5.817.5 

41,  527.  2 

240, 651. 7 

433.44 

4,804.61 

35, 657.  71 

20 

56,  324 

1,  552,  385 

31, 993,  769 

116.10 

18, 460.  79 

772,049.81 

75 

5. 242. 1 

35, 709.  7 

199, 124.  5 

425.17 

4, 371. 17 

30,853.10 

21 

54,834 

1,  496,  061 

30, 441,  3S4 

119.08 

18,  344. 69 

753, 589. 02 

76 

4, 689. 1 

30, 467. 6 

163. 414. 8 

413.60 

3,946.00 

26, 481. 93 

22 

53, 377 

1,441,227 

28, 945, 323 

121.27 

18. 225. 61 

735, 244. 33 

77 

4, 161. 1 

25,  778. 5 

132, 947.  2 

398.56 

3,532,40 

22.535.93 

23 

51, 954 

1,  387, 850 

27, 504, 096 

120.  53 

18, 104. 34 

717, 018. 72 

78 

3, 661. 1 

21,617.4 

107, 168.  7 

380.31 

3. 133. 84 

19. 003. 53 

24 

50,  567 

1, 335, 896 

26, 116, 246 

118.  67 

17, 983. 81 

698, 914. 38 

79 

3, 191.  5 

17, 956. 3 

85, 551. 3 

358.97 

2,753.53 

15, 869. 69 

25 

49,215 

1, 285, 329 

24, 780,  350 

116.82 

17, 865. 14 

680, 930. 57 

80 

2,754.7 

14. 764. 8 

67, 595. 0 

335.19 

2,394.56 

13,116.16 

26 

47, 897 

1, 236, 114 

23,  495, 021 

114.49 

17, 748. 32 

663, 065.  43 

81 

2, 352.  3 

12. 010. 1 

52. 830.  2 

309.06 

2.059.37 

10, 721. 60 

27 

46,  615 

1, 188, 217 

22,  258, 907 

114.  20 

17. 633. 83 

645,317.11 

82 

1,985.8 

9, 657. 8 

40, 820. 1 

281.69 

1, 750. 31 

8, 662. 23 

28 

45,  363 

1, 141,  602 

21.  070,  690 

114.35 

17,  519. 63 

627, 683. 28 

83 

1,655.7 

7,671.9 

31, 162.  3 

253.08 

1, 468. 62 

6,911.92 

29 

44,143 

1, 096, 239 

19, 929, 088 

115.37 

17, 405. 28 

610, 163. 65 

84 

1, 362. 3 

6, 016. 2 

23,  490.  4 

224.10 

1,215.54 

5,443.30 

30 

42,951 

1,052,096 

18, 832, 849 

116.74 

17, 289. 91 

592, 758. 37 

85 

1,104.9 

4, 653. 9 

17, 474.  2 

195.07 

991.44 

4, 227. 76 

31 

41,786 

1,009,145 

17, 780, 753 

118.89 

17, 173. 17 

575,  468.  46 

86 

882.92 

3. 549. 01 

12, 820. 29 

167. 10 

796.37 

3, 236. 32 

32 

40,648 

967, 359 

16, 771, 608 

121. 30 

17, 054. 28 

558, 295. 29 

87 

694.29 

2,666.09 

9, 271. 28 

140.37 

629.27 

2, 439. 95 

33 

39,  536 

926,  711 

15, 804, 249 

124.39 

16, 932. 98 

541,241.01 

88 

536.99 

1.971.80 

6, 605. 19 

115.73 

488.90 

1. 810. 68 

34 

38,447 

887, 175 

14, 877, 538 

128.10 

16, 808. 59 

524, 308. 03 

89 

408.16 

1,434.81 

4, 633. 39 

93.511 

373. 167 

1,321.785 

35 

37, 381 

848,728 

.13, 990, 363 

132. 37 

16, 680. 49 

507, 499.  44 

90 

304.70 

1,026.65 

3. 198. 58 

73.999 

279.656 

948.618 

36 

36, 337 

811,347 

13,141,635 

137. 16 

16, 548. 12 

490, 818. 95 

91 

223.27 

721.95 

2. 171. 93 

57.343 

205.657 

668.962 

37 

35,314 

775, 010 

12,330,288 

142. 43 

16,410.96 

474, 270.  83 

92 

160.48 

498.68 

1,449.98 

43.467 

148. 314 

463.305 

38 

34, 310 

739, 696 

11,  555,  278 

148.50 

16, 268.  53 

457, 859. 87 

93 

113.10 

338.20 

951.  30 

32. 218 

104.847 

314. 991 

39 

33, 324 

705,  386 

10, 815, 582 

154.93 

16, 120. 03 

441,591.34 

94 

78.120 

225.099 

613. 104 

23.358 

72.629 

210. 144 

40 

32, 357 

672, 062 

10, 110, 196 

162. 05 

15,965.10 

425.471.31 

95 

52.856 

146. 979 

388.005 

16.538 

49.271 

137. 515 

41 

31,  406 

639,  705 

9,  438, 134 

169.80 

15, 803. 05 

409,  506.  21 

96 

35.029 

94.123 

241. 026 

11.449 

32.733 

88.244 

42 

30,  470 

608,299 

8, 798, 429 

178. 11 

15, 633. 25 

393, 703. 16 

97 

22.725 

59.094 

146.903 

7.7371 

21.2839 

55. 5110 

43 

29,548 

577, 829 

8, 190, 130 

187.  26 

15, 455. 14 

378, 069. 91 

98 

14.434 

36. 369 

87.809 

5.1104 

13.5468 

34.2271 

44 

28,641 

548,281 

7, 612, 301 

197.50 

15, 267. 88 

362,  614.  77 

99 

8. 9714 

21.9348 

51.4404 

3.2911 

8.4364 

20.6803 

45 

27,744 

519, 640 

7, 064, 020 

207.46 

15, 070. 38 

347, 346. 89 

100 

5.4614 

.  12.9634 

29.5056 

2. 0745 

5.1453 

12. 2439 

46 

26,860 

491, 896 

6, 544, 380 

218.  07 

14, 862. 92 

332, 276.  51 

101 

3.2538 

7.5020 

16.5422 

1.2762 

3.0708 

-.<.-' 

47 

25,  987 

465, 036 

6, 052, 484 

229.25 

14, 644. 85 

317,413.59 

102 

1.8982 

4.2482 

9.0402 

.76717 

1.  794.58 

4.02777 

48 

25,124 

439, 049 

5, 587, 448 

240.  36 

14, 415. 60 

302, 768. 74 

103 

1.0847 

2.3500 

4.7920 

.45092 

1. 02741 

2.23319 

49 

24, 271 

413,  925 

5, 148, 399 

251.96 

14,175.24 

288, 353. 14 

104 

.60736 

1.26535 

2.44202 

.25901 

.57649 

1.20578 

50 

23,427 

389, 654 

4, 734, 474 

263.98 

13, 923. 28 

274, 177. 90 

105 

.33353 

.65799 

1.17667 

.14562 

. 31748 

.62929 

51 

22,592 

366,  227 

4,  344, 820 

276.09 

13, 659. 30 

260,  254. 62 

106 

.  17978 

.32446 

.51868 

.080255 

.171864 

.311807 

52 

21,764 

343, 635 

3, 978,  593 

288.81 

13, 383. 21 

246,  595. 32 

n  : 

.095138 

.144680 

.194222 

.043275 

.091609 

.139943 

53 

20, 945 

321, 871 

3, 634, 958 

301.80 

13, 094. 40 

233,  212. 11 

108 

.049542 

.049542 

.049542 

.048334 

.048334 

.048334 

54 

20, 132 

300,  926 

3,313,087 

314. 75 

12, 792.  60 

220,117.71 
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ACTUARIAL  TABLES 

Table  17. — United  States  White  Males:  1939-1941 — Commutation  Columns  at  3  Percent  Interest 
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X 

Dz 

2V, 

Sz 

C, 

Mz 

Rz 

X 

Dz 

Nz 

Sz 

Cz 

Mz 

Rz 

0 

100,  000 

2,  726,  608 

64,373,119 

4, 671. 8 

20, 584. 1 

851, 664. 1 

55 

14,  788 

205,  069 

2, 140,  522 

249.30 

8, 815. 38 

142,  724. 09 

1 

92,  416 

2, 626,  608 

61, 646,  511 

437. 36 

15,  912.  27 

831, 080. 01 

56 

14, 108 

190,  281 

1, 935, 453 

257. 81 

8, 566. 08 

133,  908.  71 

2 

89,286 

2,  534, 192 

59,  019,  903 

228.79 

15,  474.  91 

815, 167.  74 

57 

13, 439 

176, 173 

1,  745, 172 

265.24 

8,  308.  27 

125,  342.  63 

3 

86,  457 

2,  444,  906 

56,485,711 

159. 04 

15,  246. 12 

799, 692. 83 

58 

12,  783 

162,  734 

1,  568, 999 

272.  38 

8, 043. 03 

117,034.36 

4 

83,  780 

2,  358,  449 

54,  040,  805 

125. 08 

15, 087.  08 

784, 446.  71 

59 

12, 138 

149, 951 

1, 406. 265 

278.87 

7, 770. 65 

108,  991.  33 

5 

81,  215 

2,  274,  669 

51, 682,  356 

108. 87 

14, 962. 00 

769, 359. 63 

60 

11,  506 

137, 813 

1,  256,  314 

284.59 

7,  491.  78 

101,220.68 

6 

78,  740 

2, 193,  454 

49,  407,  687 

94. 319 

14, 853. 13 

754,  397.  63 

61 

10, 886 

126,  307 

1, 118,  501 

290. 06 

7,  207. 19 

93,  728.  90 

7 

76,  353 

2, 114,  714 

47,  214,  233 

85.  256 

14,  758. 81 

739,  544.  50 

62 

10,  279 

115,421 

992, 194 

294.51 

6,  917.  13 

86,  521.  71 

8 

74,  043 

2,  038,  361 

45,  099,  519 

75. 875 

14, 673. 56 

724,  785.  69 

63 

9,  685.  0 

105, 141.  5 

876,  773.  4 

298.75 

6, 622. 62 

79,  604.  58 

9 

71,811 

1,964,318 

43,  061, 158 

71. 433 

14, 597. 68 

710, 112. 13 

64 

9, 104. 1 

95,  456.  5 

771, 631.  9 

302.  34 

6, 323. 87 

72,  981. 96 

10 

69, 648 

1,  892,  507 

41, 096, 840 

67. 185 

14,  526.  25 

695,  514.  45 

65 

8,  536.  6 

86,  352.  4 

676, 175. 4 

305. 34 

6,  021.  53 

66, 658.  09 

11 

67,  552 

1,  822,  859 

39,  204,  333 

66.631 

14,  459.  00 

680, 988. 20 

66 

7,  982.  6 

77, 815.  8 

589, 823.  0 

308.  04 

5,  716. 19 

60,  636.  56 

12 

65,  518 

1,  755,  307 

37,  381,  474 

67. 414 

14,  392.  43 

666,  529. 14 

67 

7,  442. 1 

69,  833.  2 

512, 007.  2 

310. 18 

5,  408. 15 

54,  920.  37 

13 

63,  542 

1,  689,  789 

35,  626, 167 

70. 078 

14,  325.  02 

652, 136.  71 

68 

6,  915.  2 

62,391.1 

442, 174.  0 

311.69 

5,  097.  97 

49,  512.  22 

14 

61,  621 

1,  626,  247 

33, 936,  378 

76.  382 

14, 254. 94 

637, 811. 69 

69 

6,  402. 1 

55. 475. 9 

379,  782. 9 

312.  59 

4,  786.  28 

44,  414.  25 

15 

59,  750 

1,  564,  626 

32,  310, 131 

82. 881 

14, 178. 56 

623,  556.  75 

70 

6, 903. 0 

49, 073.  8 

324, 307. 0 

312.  56 

4, 473. 69 

39,  627. 97 

16 

57,  927 

1,  504, 876 

30, 745,  505 

88.937 

14,  095. 68 

609,  378. 19 

71 

5, 418. 5 

43, 170. 8 

275,  233.  2 

311.  67 

4, 161. 13 

35, 151  28 

17 

56,  151 

1, 446,  949 

29, 240, 629 

93.  983 

14,  006. 74 

595,  282.  51 

72 

4,  949.  0 

37,  752.  3 

232,  062.  4 

309.  52 

3, 849. 46 

30,  993. 15 

18 

54,  422 

1,  390,  798 

27,  793,  680 

98.  089 

13, 912. 76 

581, 275. 77 

73 

4,  495.  4 

32, 803.  3 

194,  310. 1 

306. 12 

3,  539. 94 

27, 143. 69 

19 

52,  738 

1, 336,  376 

26,  402, 882 

101.87 

13, 814. 67 

567, 363. 01 

74 

4,  058.  3 

28,  307. 9 

161, 506. 8 

300. 91 

3, 233. 82 

23,  603.  75 

20 

51, 100 

1,  283,  638 

25, 066,  506 

104. 82 

13,  712. 80 

553,  548. 34 

75 

3, 639.  2 

24,  249.  6 

133, 198. 9 

293.73 

2, 932. 91 

20, 369.  93 

21 

49,  507 

1, 232,  538 

23,  782, 868 

106.  99 

13, 607. 98 

539, 835. 54 

76 

3,  239.  5 

20,  610.  4 

108,  949. 3 

284.35 

2, 639. 18 

17, 437.  02 

22 

47,  958 

1, 183,  031 

22,  550,  330 

108.  43 

13,  500. 99 

526,  227. 56 

77 

2,  860.  8 

17,  370.  9 

88,  338. 9 

272.  68 

2,  354. 83 

14,  797. 84 

23 

46,  453 

1, 135,  073 

21,  367,  299 

107.  24 

13,  392.  56 

512,  726.  57 

78 

2,  504.  8 

14,  510. 1 

70,  968. 0 

258.  93 

2, 082. 15 

12,443.01 

24 

44,  993 

1, 088, 620 

20,  232,  226 

105.  07 

13,  285.  32 

499, 334. 01 

79 

2, 172.  9 

12,005.3 

56, 457. 9 

243.  21 

1, 823.  22 

10, 360. 86 

25 

43,  577 

1,  043,  627 

19, 143, 606 

102.  94 

13, 180.  25 

486,  048.  69 

80 

1,  866.  4 

9, 832.  4 

44, 452. 6 

226.  00 

1, 580.  01 

8,  537. 64 

26 

42,  205 

1,  000,  050 

18,  099,  979 

100.  39 

13, 077.  31 

472, 868. 44 

81 

1,  586.  0 

7, 966. 0 

34,  620.  2 

207.  37 

1,  354.  01 

6,  957. 63 

27 

40,  875 

957,  845 

17,  099,  929 

99.  653 

12,  976. 92 

459,  791. 13 

82 

1, 332.  5 

6, 380. 0 

26,  654.  2 

188.09 

1, 146.  64 

5, 603. 62 

28 

39,  585 

916, 970 

16, 142,  084 

99. 297 

12,  877.  27 

446, 814. 21 

83 

1, 105. 6 

5, 047.  5 

20,  274.  2 

168.16 

958.55 

4,  456.  98 

29 

38,  333 

877,385 

15,225,114 

99. 701 

12,  777. 97 

433, 936. 94 

84 

905.  20 

3,941.92 

15,  226.  75 

148.19 

790.  39 

3,  498.  43 

30 

37, 117 

839, 052 

14,  347,  729 

100. 40 

12, 678.  27 

421, 158. 97 

85 

730. 64 

3, 036.  72 

11, 284. 83 

128.37 

642.20 

2,  708. 04 

31 

35,  935 

801, 935 

13,  508, 677 

101.  74 

12, 577. 87 

408, 480. 70 

86 

581. 00 

2,  306. 08 

8,  248. 11 

109. 42 

513.  83 

2,  065.  84 

32 

34,  787 

766,  000 

12,  706,  742 

103. 31 

12, 476. 13 

395, 902. 83 

87 

454.  65 

1,  725. 08 

5,  942. 03 

91.  472 

404.  407 

1,  552. 013 

33 

33, 670 

731,  213 

11, 940,  742 

105.  42 

12,  372. 82 

383, 426.  70 

88 

349.  94 

1, 270. 43 

4,  216. 95 

75. 051 

312.  935 

1, 147. 606 

34 

32,  584 

697,  543 

11, 209,  529 

108. 04 

12, 267. 40 

371, 053. 88 

89 

264.  69 

920. 49 

2, 946. 52 

60. 348 

237.884 

834. 671 

35 

31,  527 

664,  959 

10,511,986 

111.10 

12, 159. 36 

358, 786.  48 

90 

196. 64 

655. 80 

2, 026. 03 

47.  524 

177. 536 

596. 787 

36 

30, 498 

633, 432 

9,  847, 027 

114.  56 

12, 048.  26 

346,  627. 12 

91 

143. 39 

459. 16 

1, 370. 23 

36. 648 

130. 012 

419. 251 

37 

29,  495 

602, 934 

9, 213,  595 

118. 38 

11,933.70 

334,  578. 86 

92 

102.  56 

315. 77 

911.07 

27. 645 

93. 364 

289.239 

38 

28,517 

573, 439 

8, 610, 661 

122. 83 

11, 815. 32 

322,  645. 16 

93 

71.  929 

213.  213 

595.  296 

20.  391 

65.  719 

195. 875 

39 

27, 564 

544, 922 

8, 037, 222 

127.  53 

11, 692. 49 

310,  829.  84 

94 

49.  443 

141. 284 

382. 083 

14.  712 

45.328 

130. 156 

40 

26, 634 

517,  358 

7, 492,  300 

132.  74 

11,564.96 

299, 137.  35 

95 

33.  291 

91.841 

240.  799 

10. 366 

30. 616 

84. 828 

41 

25,  725 

490,  724 

6, 974,  942 

138.  41 

11, 432.  22 

287,  572. 39 

96 

21.  955 

58. 550 

148. 958 

7.1413 

20. 2500 

54.2117 

42 

24, 837 

464,  999 

6, 484, 218 

144.  48 

11, 293.  81 

276,  140. 17 

97 

14.175 

36.  595 

90. 408 

4. 8025 

13. 1087 

33.  9617 

43 

23,  970 

440,  162 

6,  019,  219 

151. 17 

11, 149. 33 

264,  846.  36 

98 

8.  9592 

22. 4204 

53. 8130 

3. 1567 

8.  3062 

20. 8530 

44 

23, 120 

416,  192 

5,  579,  057 

158. 66 

10, 998. 16 

253, 697. 03 

99 

5.  5416 

13.  4612 

31.  3926 

2. 0230 

5. 1495 

12. 5468 

45 

22,288 

393,  072 

5, 162, 865 

165. 85 

10, 839.  50 

242, 698.  87 

100 

3.  3572 

7.  9196 

17. 9314 

1.  2690 

3. 1265 

7.  3973 

46 

21, 473 

370,  784 

4,  769,  793 

173. 48 

10,  673. 65 

231, 859.  37 

101 

1. 9904 

4.  5624 

10. 0118 

.77689 

1. 85751 

4. 27084 

47 

20, 674 

349,  311 

4,  399,  009 

181.  50 

10,  500. 17 

221, 185.  72 

102 

1. 1555 

2.  5720 

5.4494 

.46475 

1. 08062 

2.  41333 

48 

19, 891 

328,  637 

4, 049,  698 

189.  37 

10, 318.  67 

210,  685.  65 

103 

. 65712 

1.  41650 

2. 87735 

. 27184 

.61587 

1.  33271 

49 

19, 122 

308,  746 

3,  721, 061 

197.  54 

10, 129.  30 

200,  366.  88 

104 

. 36615 

.  75938 

1. 46085 

. 15539 

.34403 

.71684 

50 

18,  367 

289,  624 

3,412,315 

205. 96 

9,  931.  76 

190,  237.  58 

105 

. 20009 

.  39323 

.  70147 

.  086935 

.188640 

.  372807 

51 

17,  626 

271,  257 

3, 122,  691 

214. 37 

9,  725. 80 

180,  305. 82 

106 

. 10733 

.  19314 

.  30824 

.  047681 

.101705 

. 184167 

52 

16, 899 

253, 631 

2, 851, 434 

223. 15 

9,511.43 

170,  580. 02 

107 

.  056523 

.  085814 

.115105 

.  025586 

.054024 

. 082462 

53 

16, 183 

236,  732 

2,  597, 803 

232. 06 

9,  288. 28 

161, 068.  59 

108 

.  029291 

.  029291 

. 029291 

.  028438 

.028438 

.028438 

54 

15, 480 

220,  549 

2, 361, 071 

240. 84 

9,  056.  22 

151, 780. 31 

Nz  =  Dz+Dzn+ 


Sz~Nz+Nz+i+ 
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X 

D, 

N. 

S, 

C, 

M, 

R: 

x              D, 

.V, 

& 

Ci 

-\/x 

R, 

0 

100,000 

2,453,468 

53,997,179 

4,649. 3 

17,032.6 

627, 477.  7 

55  'll,330 

150,201 

1.  525. 974 

190.09 

8,  251. 12 

98.597.98 

1 

91,969 

2,353,468  1 

51,543.711 

433.  15 

12, 383. 32 

610, 445. 09 

.56    10.757 

138, 871 

1.  375,  773 

195. 62 

6. 061. 03 

92,346.86 

2 

88,426 

2,261,499 

49, 190.  243 

225.49 

11,950.17 

598. 061.  77 

57    10,198 

128,114 

1  236,  f  -' 

200.29 

5. 865.  41 

86,285.83 

3 

85,210 

2,  173.  073 

46, 928,  744 

155.99 

11,724.68 

586,111.60 

58      9,  652.  6 

117,915.7 

1,108,788.0 

204.69 

5,  665.  12 

80,420.42 

4 

82, 173 

2, 087, 863 

44,755,671   ! 

122.09 

11,568.69 

.574. 386. 92 

59 

9.121.5 

108, 263. 1 

990, 872.  3 

208.55 

5.460.43 

74.  755.  30 

5 

79,272 

2, 005,  690 

42, 667,  808 

105.  76 

11,446.60 

562.  818.  23 

60 

8,604.5 

99,141.6 

882,609.2 

211.80 

5. 251. 88 

69,  294.  87 

6 

76,485 

1, 926, 418 

40,662,118 

91. 175 

11.340.84 

551,371.63 

61 

8.1111.7 

90,  537. 1 

783, 467. 6 

214.83 

5. 040. 08 

64,042.99 

7 

73,808 

1, 849. 933 

38, 735.  700 

82.  016 

11,249.66 

540.  030.  79 

62 

7,  612. 9 

82.  435.  4 

692, 930. 5 

217. 07 

4,825.25 

59,002.91 

8 

71,230 

1, 776, 125 

36, 885, 767 

72.  639 

11,167.65 

528.  781. 13 

63 

7, 138.  4 

74, 822.  5 

610, 495.  1 

219. 13 

4,608.18 

54,177.66 

9 

68,748 

1,  704, 895 

35, 109,  642 

68.056 

11,095.01 

517,613.48 

64 

6.  677.  9 

67,684.1 

535, 672. 6 

220. 7U 

4,389.05 

49,  569.  48 

10 

66,356 

1, 636, 147 

33,  404.  747 

63.700 

11, 026.95 

506,518.47 

65 

6,  231.  4 

61, 006. 2 

467,988.5 

221.80 

4,  168.  35 

45, 180.  43 

11 

64,048 

1,  569,  791 

31,  768, 600 

62.869 

10, 963. 25 

495,491.52 

66 

5,  798.  8 " 

54,  774.  -> 

406.  982. 3 

222.68 

3,946.55 

41,012.08 

12 

61, 819 

1,  505,  743 

30, 198, 809 

63.301 

10. 900. 38 

484, 528. 27 

67 

5,380.1 

48, 976. 0 

352, 207.  5 

223.16 

3,723.87 

37. 005.  53 

13 

59,665 

1,443,924 

28, 693, 066 

65.485 

10, 837. 08 

47:(.  627. 89 

•- 

4, 975. 0 

43, 595. 9 

303, 231. 5 

223.15 

3,  500.  71 

33.341.66 

14 

57,582 

1, 384,  259 

27,  249,  142 

71.030 

10,771.60 

462, 790. 81 

6'j 

4,583.6 

38, 620. 9 

259, 635. 6 

222.72 

3.277.56 

29, 840. 95 

15 

55,564 

1,326,677 

25,864,883 

76. 702 

10, 700. 57 

452.  019.  21 

70 

4,205.9 

34,037.3 

221,014.7 

221.62 

3,054.84 

26,563.39 

16 

53,608 

1,271.113 

24,  538,  206 

81.909 

10, 623. 86 

441.318.64 

71 

3. 842. 0 

29. 831. 4 

186, 977  4 

219.92 

2.833.22 

23, 508. 55 

17 

51,714 

1,217,505  i 

23,  267, 093 

86.138 

10,541.96 

430, 694.  78 

72 

3.492.2 

25,989.4 

157, 146. 0 

217.35 

2, 613. 30 

20, 675. 33 

IS 

49,  879 

1,165.791 

22. 049,  588 

89.467 

10.  455.  82 

420, 152. 82 

73 

3, 156.  7 

22.  497.  2 

131.156.6 

213.92 

2. 395. 95 

18,062.03 

19 

48, 102 

1,115.912 

| 

20, 883,  797 

92. 472 

10,  366.  35 

409, 697. 00 

74 

2,836.1 

19,  340.  5 

108, 659.  4 

209.27 

2,182.03 

15,666.08 

20 

46,383 

1,067,810 

19, 767, 885 

94.686 

10, 273. 88 

399, 330. 65 

:■ 

2,530.9 

16, 504. 4 

89,318.9 

203.29 

1,  972.  76 

13,484.05 

21 

44,720 

1,021,427 

18,  700.  075 

96. 176 

10, 179. 19 

389, 056.  77 

76 

2.  242.  0 

13, 973. 5 

72,  814.  5 

195.85 

1,  769.  47 

11,511.29 

22 

43.112 

976,  707 

17, 678, 648 

97.003 

10, 083. 02 

378,877.58  i 

77 

1. 970.  3 

11,731.5 

58,841.0 

186.90 

1,  573. 62 

9.741.82 

23 

41,557 

933. 595 

16.  701, 941 

95.  475 

9, 986. 01 

368.794.56 

78 

1,711  a 

9.  761.  2 

47, 109.  5 

176. 62 

1, 386. 72 

8,168.20 

24 

40,056 

892, 038 

15, 768, 346 

93.092 

9, 890. 54 

358, 808. 55 

79 

1,482  1 

8.044.4 

37.  348. 3 

165.10 

1, 210. 10 

6, 781. 48 

25 

38,608 

851, 982 

14, 876, 308 

90.762 

9.  797.  45 

348, 918. 01 

8' 

1,266.9 

6,562.3 

29.303.9 

152. 67 

1, 045. 00 

5. 571. 38 

26 

37,  212 

813, 374 

14, 024.  326 

.,  ,.„ 

9,  706. 68 

339. 120.  56 

81 

1.071.4 

5,  295.  4 

22, 741. 6 

139.41 

892.33 

4,526.38 

27 

35, 866 

776. 162 

13.210,952 

87.  017 

9, 618. 60 

329.  413. 88 

82 

895.  77 

4,224.03 

17,446.19 

125.83 

752.92 

3.634.05 

28 

34,566 

740,296 

12.434,790 

86.287 

9, 531. 58 

319,  795.  28 

83 

739.64 

3,328.26 

13,222.16 

111.96 

627.09 

2, 881. 13 

29 

33,310 

705,  730 

11, 694,  494 

86.219 

9,  445.  29 

310, 263.  70 

84 

602.67 

2,588.62 

9,893.90 

98.185 

515. 133 

2,254.036 

30 

32, 098 

672.420 

10, 988, 764 

86.402 

9. 359. 07 

300, 818. 41 

85 

4S4.  11 

1,985.95 

7, 305. 28 

84.642 

416.948 

1,738.903 

31 

30,  926 

640.322 

10,316.344 

87.  139 

9.  272.  67 

291,459.34 

- 

383.09 

1,501.84 

5. 319. 33 

71.801 

332.306 

1, 321. 955 

32 

29,793 

609,396 

9, 676, 022 

88.048 

9, 185.  53 

282,186.67 

87 

298     1 

1,118.75 

3,817.49 

59.733 

260.505 

989.649 

33 

28,698 

579.  603 

9,  066.  626 

89. 417 

9.  097.  48 

273.001.  14 

8-8 

228.52 

820.41 

2, 698. 74 

48.  773 

200.772 

729.144 

34 

27,638 

550,905 

8, 487, 023 

91. 193 

9,008.07 

263,903.66 

89 

172.  01 

591.89 

1,878.33 

39.028 

151.999 

528. 372 

35 

26, 612 

523,  267 

7,936,118 

93.326 

8, 916. 87 

254.  895.  59 

90 

127.17 

419.88 

1, 286. 44 

30.586 

112.971 

376.373 

36 

25,619 

496, 655 

7.412,851 

95. 771 

8, 823. 55 

245. 978.  72 

91 

92.283 

292.707 

866.562 

23.473 

•-     -• 

263.402 

37 

24,657 

471,036 

6, 916, 196 

ys    ;,- 

8. 727. 78 

237.  155.  17 

92 

200.424 

573.855 

17.821 

58   ... 

181.017 

38 

23,724 

446,379 

6. 445, 160 

101. 69 

8, 629. 29 

228, 427.  39 

93 

45.847 

134.734 

373.431 

12.  934 

41.291 

122.105 

39 

22,820 

422,655 

5, 998,  781 

105.  07 

8,  527.  60 

219.798.10 

94 

31.363 

88.887 

238.697 

9.2871 

28.3567 

80.8144 

40 

21,943 

399,835 

5,  576, 126 

108.84 

8,422.53 

211,270.50 

■ 

21.015 

57. 524 

149. 810 

6.5118 

19.0696 

52.4577 

41 

21.093 

377, 892 

5, 176, 291 

112.94 

8. 313. 69 

202.847  97 

96 

13.792 

36.509 

4.4645 

12.5578 

33.3881 

42 

20,266 

356.  799 

4,  798,  399 

117.32 

8.  200.  75 

194,  534.  28 

97 

8.8615 

22.  7165 

55.7771 

2.9879 

8.0933 

20.8303 

43 

19,464 

336,533 

4.  441,  600 

122.16 

8.083.43 

186, 333. 53 

9« 

5.5740 

13.8550 

33.0606 

1.9544 

5.1054 

12.7370 

44 

18,683 

317,069 

4, 105, 067 

127.60 

7. 961.  27 

178, 250. 10 

99 

3.  4310 

8.2810 

19.2056 

1.2465 

3. 1510 

7.6316 

45 

17, 924 

298.386 

3, 787, 998 

132.  73 

7.  833.  67 

170, 288. 83 

100 

2.0685 

4.8500 

10.9246 

.  77812 

1.90451 

4  18  '" 

46 

17,185 

280.462 

3, 489, 612 

138.  17 

7,  700.  94 

162, 455.  16 

101 

1.2205 

2.7815 

6.0746 

.47407 

1.12639 

2.57606 

47 

16.466 

263,277 

3.  209. 150 

143.85 

7.  562.  77 

154,  754.  22 

102 

.70511 

1.56103 

3.29307 

.28222 

.65232 

1.44967 

48 

15,  765 

246,811 

2, 945. 873 

149. 37 

7,  418. 92 

147.191.45 

103 

.39905 

.85592 

1.73204 

.16428 

.  37010 

.79735 

49 

15,083 

231,046 

2, 699, 062 

155.06 

7.  269.  55 

139.772.53 

104 

.22127 

.45687 

.87612 

.093452 

:  "-. 

.427250 

50 

14.  418 

215,963 

2,  468. 016 

160.89 

7.114.49 

132,  502. 98 

■ 

.12034 

.23560 

.41925 

.052031 

.112371 

.211427 

51 

13,  769 

201,545 

2.  252,  053 

166.65 

6.  953.  60 

125, 388. 49 

106 

.054237 

.115265 

.183655 

.028396 

.06034C 

.109056 

52 

13, 137 

1S7,  776 

2, 050.  SOS 

172.64 

6.  786.  95 

118,434.89 

107 

.033666 

.051028 

.068390 

.01516« 

'            .031941 

.  048716 

53 

12,520 

174.639 

1. 862,  ~32 

178.66 

6.614.31 

111,647.94 

108 

. 017362 

.017362 

.017362 

.01677c 

1            .  016775 

.  016775 

54 

11,918 

162, 119 

1, 688, 093 

184.53 

6.  435.  65 

105,  033. 63 
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Table  19- 

—United  S 

rATES  Yl 

'hite  Males:  1939- 

1941 

— Commutation  Columns  at  4  Percent  Interest 

X 

Dx 

AT, 

Sr 

C* 

M, 

It, 

X 

D, 

N, 

S, 

cz 

M, 

R* 

0 

100,000 

2,  225, 161 

45, 718, 970 

4,  626.  9 

14,  416.  8 

466, 737. 7 

55 

8.  692.  2 

110,323.8 

1,091,  275.9 

145. 13 

4, 448. 97 

68, 351.  50 

1 

91,  527 

2, 125, 161 

43, 493, 809 

428.99 

9,  789.  85 

452,  320.  88 

56 

8,  212.  8 

101, 631. 6 

980, 952. 1 

148.  63 

4, 303.  84 

63.  902.  53 

2 

87,  578 

2,  033,  634 

41,  368,  648 

222.  25 

9, 360. 86 

442,  531.  03 

57 

7,  748.  3 

93, 418. 8 

879, 320.  5 

151.45 

4, 155.  21 

59,  598.  69 

3 

83,  987 

1. 946,  056 

39. 335, 014 

153.  01 

9, 138. 61 

433, 170. 17 

58 

7, 298. 8 

85, 670.  5 

785, 901.  7 

154.03 

4,  003.  76 

55,  443.  48 

4 

80,604 

1,862,069 

37, 388, 958 

119. 18 

8, 985.  60 

424,031.56 

59 

6, 864.  0 

78, 371.  7 

700,231.2 

156. 18 

3, 849.  73 

51,  439.  72 

5 

77,  384 

1, 781, 465 

35, 526, 889 

102.  74 

8, 866.  42 

415, 045. 96 

60 

6,  443.  9 

71,  507.  7 

621, 859. 5 

157.86 

3,  693.  55 

47,  589.  99 

G 

74,  305 

1,704,081 

33,  745,  424 

88. 150 

8, 763.  68 

406, 179.  54 

61 

6,  038.  2 

65,  063.  8 

550, 351. 8 

159.  34 

3, 535. 69 

43,  896.  44 

7 

71,  359 

1, 629, 776 

32,  041,  343 

78.  915 

8, 675.  53 

397, 415. 86 

62 

5,  646.  6 

59, 025. 6 

485,  288.  0 

160.23 

3, 376.  35 

40,  300.  75 

8 

68,536 

1,  558, 417 

30,  411,  567 

69.  556 

8, 596. 62 

388,  740.  33 

63 

5,  269.  2 

53,  379.  0 

426,  262.  4 

160.97 

3,216.12 

36,  981.  4U 

y 

65,  830 

1.489,881 

28, 853, 150 

64.854 

8, 527. 06 

380, 143.  71 

64 

4, 905.  5 

48, 109.  8 

372,  883.  4 

161.34 

3,  055. 15 

33, 768.  28 

10 

63,  233 

1, 424, 051 

27;  363, 269 

60.411 

8, 462.  21 

371, 616.  65 

65 

4,  555.  5 

43, 204.  3 

324,  773.  6 

161. 37 

2, 893. 81 

30,713.13 

1! 

60,  741 

1,360,818 

25,  939,  218 

59.  337 

8, 401.  80 

363, 154.  44 

66 

4,  218.  9 

38, 648. 8 

281,  569.  3 

161.  24 

2,  732.  44 

27, 819.  32 

12 

58,  345 

1, 300, 077 

24,  578,  400 

59.  457 

8, 342. 46 

354, 752.  64 

67 

3,  895.  4 

34,  429.  9 

242,  920.  5 

160.80 

2,  571.  20 

25,  086.  88 

13 

56,042 

1,  241,  732 

23, 278,  323 

61.212 

8, 283. 00 

346,410.18 

68 

3,  584. 8 

30,  534.  5 

208,  490.  6 

160.  02 

2,  410.  40 

22,  515.  68 

14 

53,-825 

1, 185, 690 

22, 036,  591 

66.  076 

8,  221.  79 

338, 127. 18 

69 

3, 286.  9 

26,  949.  7 

177, 956. 1 

158.  94 

2,  250.  38 

20, 105.  28 

15 

51,689 

1,131,865 

20, 850, 901 

71. 010 

8, 155.  72 

329, 905.  39 

70 

3,001.6 

23, 662. 8 

151,006.4 

157.40 

2,091.44 

17, 854.  90 

16 

49, 630  , 

1, 080, 176 

19,  719, 036 

75.  466 

8, 084.  71 

321,  749.  67 

71 

2, 728.  7 

20,  661.  2 

127.  343.  6 

155.  44 

1,934.04 

15,  763.  46 

17 

47, 646 

1,030,546 

18, 638, 860 

78.  980 

8, 009.  24 

313,  664.  96 

72 

2, 468.  3 

17,932.5 

106,  682.  4 

152.  89 

1,  778.  60 

13.  829.  42 

18 

45, 734 

982, 900 

17, 608, 314 

81.  638 

7, 930.  26 

305,  655.  72 

73 

2,  220.  5 

15,464.2 

88, 749. 9 

149.  75 

1,  625.  71 

12,  050.  82 

19 

43, 894 

937, 166 

16,  625, 414 

83.  975 

7, 848. 62 

297, 725.  46 

74 

1, 985.  3 

13,  243.  7 

73, 285. 7 

145.  79 

1,  475.  96 

10,425.11 

20 

42, 121 

893, 272 

15, 688, 248 

85.  573 

7, 764.  65 

289, 876.  84 

75 

1,763.2 

11,258.4 

60, 042.  0 

140.  94 

1,330.17 

8,949.15 

21 

40,416 

851,151 

14,  794, 976 

86.  501 

7, 679.  07 

282, 112. 19 

76 

1,554.4 

9, 495.  2 

48,783.6 

135.  13 

1, 189.  23 

7,  618.  98 

22 

38,775 

810,  735 

13,  943,  825 

86. 825 

7,  592.  57 

274,  433. 12 

77 

1,359.5 

7, 940.  8 

39, 288. 4 

128.34 

1, 054.  10 

6,  429.  75 

23 

37, 197 

771, 960 

13, 133, 090 

85.  046 

7, 505.  75 

266,  840.  55 

78 

1, 178. 9 

6,581.3 

31, 347.  6 

120.  70 

925.  76 

5.  375.  65 

24 

35,681 

734, 763 

12,  361, 130 

82.  526 

7, 420. 70 

259,  334.  80 

79' 

1,012.8 

5, 402.  4 

24, 766.  3 

112.28 

805.  06 

4,  449.  89 

25 

34, 226 

699, 082 

11, 626, 367 

80. 073 

7,  338. 18 

251,  914. 10 

80 

861.  61 

4,  389.  59 

19, 363. 88 

103. 33 

692.  78 

3,  644.  83 

26 

32, 830 

664,  856 

10,  927,  285 

77.  340 

7,  258. 10 

244,  575.  92 

81 

725. 14 

3,  527. 98 

14,  974.  29 

93.  900 

589.  451 

2.  952.  048 

27 

31,489 

632,  026 

10,  262,  429 

76. 033 

7, 180.  76 

237,  317.  82 

82 

603.  35 

2, 802.  84 

11,446.31 

84.  349 

495.  551 

2.  362.  597 

28 

30, 202 

600,  537 

9,  630,  403 

75. 032 

7, 104.  73 

230, 137.  06 

83 

495.  80 

2, 199.  49 

8,  643.  47 

74.689 

411.202 

1,  867.  046 

29 

28,966 

570, 335 

9, 029, 866 

74.  613 

7,  029.  70 

223, 032.  33 

84 

402.  04 

1, 703. 69 

6, 443. 98 

65. 184 

336.  513 

1,  455.  844 

30 

27, 777 

541, 369 

8, 459,  531 

74. 412 

6,  955.  08 

216,  002.  63 

85 

321.  39 

1, 301.  65 

4, 740.  29 

55. 923 

271. 329 

1,119.331 

31 

26, 634 

513,  592 

7, 918, 162 

74.685 

6, 880.  67 

209,  047.  55 

86 

253. 1 1 

980.  26 

3, 438.  64 

47.211 

215.  406 

848.002 

32 

25,  535 

486, 958 

7,  404,  570 

75. 102 

6, 805.  99 

202, 166.  88 

87 

196. 16 

727. 15 

2, 458.  38 

39.  087 

168. 195 

632.  596 

33 

24, 478" 

461, 423 

6,917,612 

75.  903 

6, 730. 89 

195,  360.  89 

88 

149.  53 

530.  99 

1, 731.  23 

31.761 

129. 108 

464.401 

34 

23, 461 

436, 945 

6, 456, 189 

77. 038 

6, 654.  98 

188, 630.  00 

89 

112.02 

381.  46 

1, 200. 24 

25.  294 

97.  347 

335.  293 

35 

22,  481 

413, 484 

6, 019, 244 

78. 461 

6, 577.  94 

181,975.02 

90 

82.  417 

269. 438 

818.  777 

19.  727 

72.  053 

237.  946 

36 

21,  538 

391,  003 

5, 605, 760 

80. 130 

6, 499. 48 

175,  397.  08 

91 

59.  520 

187.  021 

549.  339 

15.  066 

52.  326 

165.  893 

37 

20,630 

369, 465 

5,  214, 757 

82.004 

6, 419.  35 

168. 897. 60 

92 

42. 164 

127.  501 

362. 318 

11.  256 

37.260 

113.  567 

38 

19,754 

348, 835 

4,  845,  292 

84.  265 

6,  337.  35 

162,  478.  25 

93 

29.286 

85.  337 

234.  817 

8.  2225 

26.  0042 

76.  3066 

39 

18, 910 

329, 081 

4, 496, 457 

86. 648 

6,  253.  08 

156, 140.  90 

94 

19.  937 

56.  051 

149. 480 

5.  8755 

17.  7817 

50.  3024 

40 

18, 096 

310, 171 

4,167,376 

89.324 

6, 166. 44 

149,  887.  82  ' 

95 

13:  295 

36.114 

93.  429 

4.  0999 

11.9062 

32.  5207 

41 

17,311 

292,  075 

3,  857,  205 

92.  243 

6,077.11 

143,  721.  38 

96 

8.6839 

22. 8188 

57.3150 

2.  7974 

7. 8063 

20.  6145 

42 

16, 553 

274, 764 

3,  565, 130 

95.  362 

5,  984.  87 

137,  644.  27 

97 

5.  5525 

14. 1349 

34.  4962 

1.  8632 

5.  0089 

12. 8082 

43 

15, 821 

258,  211 

3, 290, 366 

98.  816 

5, 889.  51 

131,  659.  40 

98 

3.  4758 

8.5824 

20.3613 

1.2129 

3.  1457 

7.  7993 

44 

15, 113 

242, 390 

3, 032, 155 

102.  72 

5,  790.  69 

125,  769.  89 

99 

2. 1292 

5. 1066 

11.  7789 

. 76983 

1.  93282 

4.  65359 

45 

14,429 

227,  277 

2, 789, 765 

106.  34 

5,  687. 97 

119,  979.  20 

100 

1.  2775 

2.  9774 

6.  6723 

. 47825 

1. 16299 

2. 72077 

46 

13,768 

212,  848 

2,  562,  488 

110. 16 

5,  581.  63 

114,291.23 

101 

.75012 

1.  69989 

3.  69490 

.28997 

.68474 

1.  55778 

47 

13,128 

199,  080 

2,  349,  640 

114. 15 

5, 471.  47 

108,  709.  60 

102 

.  43130 

.  94977 

1.  99501 

. 17180 

.  39477 

.87304 

48 

12,  509 

185, 952 

2, 150,  560 

117.95 

5.  357.  32 

103,  238. 13 

103 

.  24291 

.  51847 

1.  04524 

. 099520 

.  222969 

.  478266 

49 

11, 910 

173, 443 

1,  964,  608 

121. 86 

5,  239.  37 

97, 880. 81 

104 

.  13405 

.  27556 

.  52677 

. 056342 

. 123449 

.  255297 

50 

11,330 

161,533 

1,791,165 

125.83 

5,  117.  51 

92, 641.  44 

105 

.  072550 

.  141511 

.  251208 

.  031218 

. 067107 

.  131848 

51 

10, 769 

150, 203 

1,  629,  632 

129.71 

4,  991.  68 

87,  523.  93 

106 

.  038542 

.  068961 

.  109697 

. 016957 

.035889 

.  064741 

52 

10,225 

139, 434 

1,  479,  429 

133.  72 

4, 861.  97 

82,  532.  25 

107 

.  020102 

. 030419 

. 040736 

.0090119 

.0189320 

.0288521 

53 

9, 697.  8 

129,  208.  7 

1,339,995.5 

137.  72 

4,  728.  25 

77,  670.  28 

108 

.010317 

.010317 

.010317 

.  0099201 

. 0099201 

. 0099201 

54 

9, 187. 1 

119,510.9 

1,  210,  786.  8 

141.  56 

4,  590.  53 

72,  942.  03 
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UNITED  STATES  LIFE  TABLES  AND  ACTUARIAL  TABLES 


Table  20. — United  States  White  Males:    1939-1941 — Immediate  Whole  Life  Annuity,  Single  and  Annual  Net  Premiums 

at  2  Percent  Interest 

[Present  value  at  each  age  of  a  life  annuity  of  one  per  annum,  first  payment  to  be  made  at  the  end  of  1  year;  present  value  of  a  whole  life  assurance  of  one  unit,  and  the  annual 

payment  of  an  equivalent  whole  life  annuity-due] 


AGE 

IMMEDIATE 

LIFE  ANNUITY 

SINGLE 
PREMIUM 

ANNUAL 

I'REMIUM 

AGE 

IMMEDIATE 
LIFE  ANNUITY 

SINGLE 
PREMIUM 

ANNUAL 
PREMIUM 

X 

a, 

AI 

Px 

I 

a.z 

A, 

Pz 

0  .   . 

33.  5881 

34.  9916 
34.8663 
34.  6578 
34.4181 

34.1604 
33.  8920 
33.  6125 
33.  3242 
33.  0268 

32.  7219 
32.  4093 
32.0909 
31. 7676 
31.4399 

31. 1099 
30.  7775 
30.  4424 
30.  1050 
29.7643 

29.4198 
29.0720 
28.  7195 
28.3622 
27.  9986 

27.  6275 
27.  2487 

26    M,l- 

26.4681 
26.  0675 

25.6603 
25.  2465 
24.  8265 
24.4010 
23. 9696 

2-3.  5327 
23.0910 
22.6443 
22.  1929 
21.  7377 

21.  2786 
20.8158 
20.  3505 
19.8829 
19.4131 

18.  9426 
18.4702 
17.9978 
17.  5252 
17.  0530 

16.  5809 
16. 1105 
15.6409 
15. 1740 
14. 7094 

0.32180 
.29428 
.29674 
.30083 
.  30553 

.  31058 
.31584 
.  32132 
.  32698 
.33281 

.33879 
.34491 
.35115 
.  35749 
.36392 

.37040 
.  37692 
.38348 
.39010 
. 39678 

.40352 

.41035 
.  41726 
.  42427 
. 43140 

.43868 
.44610 
.45369 
.  46141 

. 46927 

.  47725 
.48536 
. 49359 
.  50194 
.51040 

.  51896 
.52763 
.53639 

.  .54524 
.55417 

.56317 
.  57223 
.58135 
.59053 
.  59974 

.  60898 
.  61822 
.  62749 
.63675 
.64603 

.  65527 
. 66451 
.  67371 

.  682SS 
. 69198 

0.  00930 
.00818 
.00827 
.00844 
.00863 

.00883 
.00905 
.00928 
.00953 
.00978 

.01005 
.01032 
.01061 
.01091 
.01122 

.01154 
.01186 
.01220 
.01254 
.01290 

.01327 
.01365 
.01404 
.01445 
.01488 

.01532 
.01579 
.01628 
.01680 
.01734 

.01790 
.01849 
.01911 
.01976 
.02044 

.02115 
.02190 
.  02269 
.02351 
. 02437 

.02528 
.02623 
.02723 
.02828 
.02938 

.03054 
.  03175 
.03303 
.03437 

. 03578 

. 03727 

.03884 
.04048 
.04222 
.04405 

55.. 

14.  2480 
13.  7895 
13.3349 
12.8841 
12.4368 

11.9930 
11.5526 
11.1161 
10.6835 

10.2548 

9.8301 
9.  4103 
8.9957 
8.5873 
8.1853 

7.7912 
7.4054 
7.0292 
6.6634 
6.3094 

5.9677 
5.6390 
5.3234 
5.0210 
4.7317 

4.4553 
4.1920 
3.9412 
3.  7040 
3.4799 

3.2694 
3.0716 

.'  -vj 
2.7147 
2.5540 

2.4046 
2.2657 
2. 1367 
2.0171 
1.9059 

1.8033 
1.7077 
1.6194 
1.5372 
1.4612 

1.3886 

0.  70103 
.71000 
.  71890 
.  72776 
.73654 

. 74525 
.  75387 

.  76243 
.77093 
.77934 

.78765 
.79589 
.80400 
.81203 
.81989 

.82763 
.83519 
.84257 
.84973 
.85668 

.86338 
.86983 
.87601 
.88193 
.88761 

.89303 
.89820 
.90310 
.  90777 
.91214 

.  91627 
.  92016 
.92380 
.92716 
.93030 

.93323 
.93597 
.93849 
.94083 
.94298 

.94504 
.94691 
.94863 
.95024 
.  95174 

.95315 

0  04598 

1 

56... 

04801 

2 

3 

57 

58    

59. 

60 

61 

62 

63. 

64 

65.. 

.05015 

.  05242 

4 

5_.__ _ 

6 -_.. 

.  054*2 

i 
.  08008 

7 

8 

.  06293 

!    ■ 

9 

.06925 

10 

.  07273 

11... ___ 

66 

67 

.  07645 

12 

.08044 

13__._ 

68 

69 

.08470 

14     . 

.0S92C 

15 

70.. 

71 

.09414 

16    . 

.09936 

17     . 

72 

.  10494 

18 

73.. 

.11088 

19 _ 

20 

74 

75 

.11720 
.12391 

21     . 

76 

.  13102 

22    . 

77 

.13853 

23  . 

78 

.  1464S 

24 

79 

.15486 

25...                                                       

80 

.16370 

26    . 

81 

.17300 

27 

82 

.18277 

28 

83 

.19298 

29  .. 

84 

.20361 

30 

85. 

.21461 

31.  . 

86 

.22599 

32    . 

87 

.  23765 

33... 

88 

. 24959 

34  .. 

89"... 

.26176 

35... 

90.. 

.  2741 1 

36    . 

91 

.28661 

37 

92 

.29919 

38 

93 

.31183 

39    . 

94 

.32450 

40 

95 

. 33712 

41 

96 

. 34971 

42 

97     . 

. 36215 

43... 

98 

.  37452 

44     . 

99. 

.38670 

45 

10O- 

.39905 

46 

47_   

48 

49 

50 

5I_ 

52 

53 

54 
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Table  21.— United  States  White  Males:  1939-1941- — Immediate  Whole  Life  Annuity,  Single  and  Annual  Net  Premiums 

at  2}i  Percent  Interest 

[Present  value  at  each  age  of  a  life  annuity  of  one  per  annum,  first  payment  to  be  made  at  the  erd  of  l  year;  present  value  of  a  whole  life  assurance  of  one  unit,  and  the  annual 

payment  of  an  equivalent  whole  life  annuity-due] 


AGE 

IMMEDIATE 
LIFE  ANNUITY 

SINGLE 
PREMIUM 

ANNUAL 
PREMIUM 

AGE 

IMMEDIATE 
LIFE  ANNUITY 

SINGLE 
PREMIUM 

ANNUAL 
PREMIUM 

J 

0* 

Az 

I 

a, 

Az 

P, 

0                  . 

29.  5650 

30.  8362 
30.  7617 
30.  6141 
30.  4391 

30.  2482 
30.  0474 
29.8366 
29.  6176 
29.  3901 

29. 1558 
28. 9143 
28.  6674 
28.  4153 
28. 1588 

27.  8996 
27.  6383 
27.  3738 
27. 1069 
26.  8361 

26.  5617 
26.  2835 
26.  0009 
25.  7131 
25.  4183 

25. 1166 
24.  8078 
24.  4900 
24. 1659 
23.  8338 

23.  4953 
23. 1503 
22.  7984 
22.  4397 
22.  0753 

21.  7048 
21.3284 
20.  9463 
20.  5592 
20. 1675 

19.  7702 
19.  3689 
18.  9639 
18.  5556 
18.  1432 

17.  7298 
17.3133 
16.  8949 
16. 4753 
16.  0543 

15.6327 
15.  2105 
14.7891 
14.  3674 
13. 9476 

0.  2.5451 
.22351 
.  22532 
.22892 
.23319 

.23785 
.  24275 
.24789 
.  25323 
. 25878 

. 26449 
.  27038 
.27640 
.  28255 
.  28881 

. 29513 
. 30151 
.  30795 
. 31447 
.  32107 

. 32776 
. 33455 
. 34145 
.  34847 
.  35564 

. 36300 
.  37055 
.37829 
. 38621 
.39429 

.  40255 
.  41098 
. 41956 
.  42829 
. 43719 

. 44623 
. 45541 
.46472 
. 47416 
. 48374 

. 49340 
. 50319 
.  51307 
.  52305 
.  53308 

.54319 
. 55335 
. 56355 
.  57378 
.  58404 

.  59433 
.60461 
. 61492 
.  62518 
. 63544 

0.  00833 
. 00702 
.00709 
.00724 
.  00742 

.00761 
. 00782 
.00804 
. 00827 
.  00852 

.  00877 
.  00904 
.  00932 
.  00961 
. 00990 

.  01021 
.  01053 
. 01085 
.01119 
.01153 

.  01189 
. 01226 
.  01265 
.  01304 
.  01346 

. 01390 
. 01436 
.  01484 
.  01535 
,01588 

.01643 
.  01702 
. 01763 
. 01827 
. 01895 

.  01965 
.02040 
.  02118 
.  02199 
. 02285 

.  02376 
.02470 
.  02570 
.  02675 
.  02785 

.  02900 
.  03022 
.03149 
.03283 
. 03425 

. 03573 
. 03730 
. 03895 
.04068 
. 04251 

55 

13.5293 
13.  1120 
12.6976 
12.  2856 
11.  8750 

11.4669 
11.0611 
10.6572 
10.  2556 
9.  8571 

9.  4613 
9.  0691 
8.  6803 
8.2967 
7. 9181 

7.5458 
7. 1806 
6: 8236 
6.  4758 
6. 1383 

5. 8121 
5.  4975 
5.  1951 
4.9046 
4.T263 

4.  3599 
4. 1057 
3.  8632 
3.  6336 
3.  4162 

3.  2121 
3.  0196 
2.8400 
2.6719 
2.5153 

2.  3694 
2.  2335 
2. 1074 
1.  9903 
1.8815 

1.  7807 
1.  6870 
1. 6004 
1.5197 
1. 4450 

1. 3736 

0.  64565 
.  65579 
.  66589 
. 67598 
.  68597 

.  69592 
.  70584 
.71566 
.  72544 
.  73517 

. 74482 
.75441 
.  76387 
.  77326 
. 78248 

.  79156 
.80048 
. 80918 
.81766 
.  82589 

.  83386 
.  84153 
.  84891 
.  85598 
. 86277 

.  86926 
.87547 
.88137 
.88701 
.  89227 

. 89731 
. 90197 
. 90635 
.91045 
.91427 

.  91781 
.92111 
.92419 
. 92703 
.92971 

. 93217 
.  93445 
. 93659 
.93853 
.  94037 

. 94212 

0.  04444 

1 

56- 

.04647 

2  .                  

57 

.04861 

3 

58 

.  05088 

4  .            : 

59 

60 

.05328 

5 

. 05582 

6_ 

7 

61 

62 

.05852 
.06139 

8 

63 _ ... 

.06445 

9- 

64 

.06771 

10..- — 

65.. 

.  07120 

11  _. 

66 

.  07492 

12  . 

67 

.  07891 

13. 

68 

. 08318 

14 

69 

.  08774 

15... 

70 

.  09263 

16  - 

71- 

.  09785 

17- 

72 

.  10343 

18 

73- 

.  10937 

19 

74 

.  11570 

20-. 

75 

.  12241 

21 

76 

.12951 

22 

77..-. 

.13703 

23 

78 

.14497 

24__ 

79._ 

. 15335 

25__ .... 

80 

.  16218 

26 

81 

.  17147 

27 

82 

.18123 

28 

83 

.19143 

29__ 

84  ... 

.20204 

30 

85 

.21303 

31 

86 

.  22439 

32 

87.. 

.  23603 

33 

88 

. 24795 

34 

89 

.26008 

35_ 

90  . 

. 27240 

36 

91. 

.28486 

37 

92  .. 

.  29741 

38 

93... 

.31001 

39 

94  .  . 

. 32265 

40 

95 

96 

.  33522 

41 

.  34777 

42 

97  .. 

.36017 

43 

98... _ 

.  37248 

44 

99 

.38461 

45 

100 

. 39691 

46 

47-. 

48 ... 

49 

50-_. 

51 

52 

53 

54 
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Table  22. — United  States  White  Males:    ]939-1941 — Immediate  Whole  Life  Annuity,  Single  and  Annual  Net  Premiums 

at  3  Percent  Interest 

[Present  value  at  each  age  of  a  life  annuity  of  one  per  annum,  first  payment  to  be  made  at  the  end  of  1  year;  present  value  of  a  whole  life  assurance  of  one  unit,  and  the  annual 

payment  of  an  equivalent  whole  life  annuity-due] 


AGE 

IMMEDIATE 
JFE  AXNUITT 

SINGLE 

PREMIUM 

ANNUAL 

PREMIUM 

AGE 

IMMEDIATE     | 
LIFE  ANNUITY 

SINGLE 
PREMIUM 

1 

ANNUAL 

PREMIUM 

X 

a, 

Ax 

P, 

I 

o. 

Ax 

F, 

0 - 

26.  2661 

27.  4216 
27.3829 
27.  2789 
27. 1.505 

27.0080 
26.8569 
26.  6965 
26.  5294 
26.3540 

26. 1725 
25.9845 
25. 7912 
25. 5933 
25. 3911 

25.1862 
24. 9788 
24. 7689 
24.  55.58 
24.3399 

24.  1201 
23.8962 
23.6681 
23.4349 
23. 1953 

22.9490 
22.  6951 
22. 4335 
22. 1646 
21.8885 

21.60.56 
21.3163 
21.0197 
20.7170 
20. 4075 

20.0917 
19. 7696 
19.4419 
19. 1087 

15.  7693 

18.4247 
18. 0758 
17.7220 
17. 3630 
17. 0014 

16. 6360 

16.  2675 
15.  8961 
15.5219 
15.1461 

14.  7687 
14. 3896 
14.  0086 
13.  62S4 
13.  2474 

0.20.584 
.  17218 
.  17332 
.  17634 
.18008 

.18423 
.18864 
. 19330 
. 19818 
.20328 

.20857 
.21404 
.21967 
.22544 
.23133 

.23730 
.24334 
. 24945 
.25565 
.26195 

.26835 
.27487 
.28152 
28830 
.29528 

.30246 
.30985 
. 31748 
.32531 
.33334 

.341.5K 
.3.5002 
.3.5864 
.36747 
. 37649 

.38568 
.39505 
.40460 
.41433 
.42419 

.43422 
.44440 
.45472 
.46514 
.  47570 

.48634 
. 49707 
.50789 
.  51876 
.52972 

.54074 
.  55179 
.56284 
. 57395 
.58503 

0. 00755 
.00606 
.00611 
.00624 
.00640 

.00658 
.00677 
.00698 
.00720 
.00743 

.00768 
.00793 
.00820 
.00848 
.00877 

.00906 
.00937 
.00968 
.01000 
.01034 

.01068 
.01104 
.01141 
.01180 
.01220 

.01263 
.01308 
. 01355 
.01404 
.014.56 

.01511 
.01568 
.01629 
.  01692 
. 01759 

.01829 
.01902 
.01979 
.02060 
.02146 

.02235 
.02330 
.02429 
.02533 
.02643 

.02758 
"2>79 
.03006 
.03140 
.03281 

.03429 
.03585 
.03750 
.03924 
.041C6 

55 

56 

57 

12.8673 

12.4875  ! 
12. 1091 
11.7305 
11.3538 

10. 9775 
10.6027 
10.2288 
9.8561 
9.4850 

9. 115.5 
8.7482 
8.3835 
8.0223 
7.6653 

7.3134 
6.9673 
6.6283 
6.2971 
5.9753 

5.6634 
5.3622 
5. 0720 
4.7929 
4.5250 

4.2681 
4.0227 
3.7880 
3.5654 
3.  3.548 

3. 1562 
2.9692 
2.  7943 
2.6304 
2.  4776 

2.3350 
2.2022 
2.0789 
1.9642 
1.8575 

1.7587 
1.6668 
1.5817 
1.5025 

1.4291 

1.3590 

0.59612 
.60718 
.61822 
.62920 
.64019 

.65112 
.66206 
.67294 
.68380 
.69462 

.70538 
.71608 
.72670 
.73721 
. 74761 

. 75787 
.  76795 
.  777« 
.78746 
.79684 

.80592 
.81469 
.82314 
.83126 
.83907 

.84655 
.85373 
.86052 
.86700 
.87317 

-"- 
.88439 
.88949 
.89425 
.89873 

.90285 
.90670 
.91034 
.91366 

.  91677 

.91965 
.92234 

. 92478 
.92711 
.92924 

.93128 

0.04299 

1     

.  04502 

2    -. 

.04716 

3    

58 

.04942 

4                  

59 

.05182 

5 

60 

.05436 

6    .     

61    

.05706 

7          ...     

62    

.05993 

8                     .  ..     ... .    .  . 

63           

.06299 

9         

64    

.06625 

10        

65 

.06973 

11                 

66                                                   ...... 

.07346 

12    

67 ..'. 

■" 

13        

68 ...- 

.08171 

14          

69                                               

.08628 

15    

70    

.09116 

16        

71                 

.09639 

17        

72                                               .    .    ...    . 

.  10197 

18    

73.  

.  10791 

19       

74 

75... 

76 

.11424 

20 

21    

.12095 
.12805 

22      

77     

.13556 

23       

78- 

79 

80 

81 

82.. 

83 

84 

85 

86 

87 

88 ... 

.143.50 

24    * 

.  15187 

25 

.16069 

26       . 

.16997 

27    . 

.17972 

28      

■ 

29 

30      . 

.  20051 
.21148 

31    

.22282 

32 

33                   . 

.23443 

.  24632 

34    .  .   .  .   

89 

90 

91 

92 

93 

94 

95 

96. 

.25843 

35 

.  27(172 

36 — 

.28315 

37 

.29567 

38 

.30823 

39 

.32083 

40    

.33336 

41    

.34586 

42 

97 

98- 

.35821 

43 

.37048 

44    .    

99 

100 

.38254 

45    

.39478 

46 

47 . 

48. 

49 

50 

51 

52... 

53... 

54 — 
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Table  23. — United  States  White  Males:    1939-1941 — Immediate  Whole  Life  Annuity,  Single  and  Annual  Net  Premiums 


[Present  value  at  each  age  ol  a  life  annuity  of  one  per  annum,  first  payment  to  be  made  at  the  end  of  1  year;  present  value  of  a  whole  life  assurance  of  one  unit,  and  the  annual 

payment  of  an  equivalent  whole  life  annuity-due] 


AGE 

IMMEDIATE 
LIFE  ANNUITY 

SINGLE 

PREMIUM 

ANNTJAL 
PREMIUM 

AGE 

IMMEDIATE 

LIFE  ANNUITY 

SINGLE 
PREMIUM 

ANNUAL 

PREMIUM 

X 

Or 

Az 

P: 

X 

a, 

A* 

P, 

n                __ 

23. 5347 
24.  5898 
24.  5750 
24.  5026 
24.  4081 

24.  3014 
24.1869 
24.  0641 
23.  9351 
23. 7992 

23.  6571 
23.  5096 
23.  3573 
23.  2005 
23. 0398 

22.  8766 
22.  7113 
22.  5430 
22.  3724 
22. 1989 

22.  0216 
21.  8405 
21.  6551 
21.  4654 
21.  2698 

21. 0675 
20.  8578 
20.  6406 
20.  4169 
20. 1867 

19.9490 
19.  7050 
19. 4543 
19. 1966 
18.  9329 

18. 6628 
18. 3862 
18. 1035 
17. 8155 
17.  5213 

17.  2215 
16. 9155 
16.  6058 
16.2900 
15.  9710 

15.6473 
15.3202 
14. 9891 
14.  6556 
14. 3183 

13.9787 
13.6376 
13. 2937 
12. 9488 
12. 6029 

0. 17033 
. 13465 
. 13514 
.  13760 
.  14078 

.14440 
.  14828 
.  15242 
.  15678 
.  16139 

. 16618 
.17117 
.  17633 
.  18163 
•.  18707 

. 19258 
. 19818 
.  20385 
.  20962 
.  21551 

. 22150 
.  22762 
.  23388 
.  24030 
. 24692 

.  25377 
.  26085 
.  26818 
.  27575 
.  28356 

.  29158 
.  29983 
.  30831 
. 31701 
.  32593 

.  33507 
.  34441 
. 35397 
.  36374 
.  37369 

.  38384 
.  39414 
.  40466 
.  41530 
.  42612 

.  43705 
.  44812 
.  45930 
.  47059 
.  48197 

. 49344 
.  50502 
. 51663 
.52830 
.53999 

0.  00694 
. 00526 
.  00528 
.  00540 
.  00554 

.  00571 
.  00589 
.  00608 
. 00629 
. 00651 

.  00674 
.  00698 
.00724 
. 00751 
.  00778 

.  00807 
. 00836 
. 00866 
. 00897 
.00929 

. 00962 
.  00997 
.  01032 
.  01070 
.01109 

.01150 
.01193 
. 01239 
. 01288 
. 01338 

.  01392 
.  01448 
.  01507 
.01570 
.  01635 

. 01704 
.  01777 
.  01853 
.  01933 
.  02018 

.  02107 
.02200 
.  02298 
:  02402 
.  02511 

. 02625 
.  02746 
. 02873 
.  03006 
.  03146 

.03294 
.  03450 
.  03614 
.  03787 
.  03970 

55... 

12.2569 
11.9098 
11.  5626 
11.2160 
10.  8690 

10.  5221 
10.  1751 
9. 8284 
9.  4817 
9. 1355 

8.  7901 
8.4459 
8. 1032 
7.  7630 
7. 4259 

7. 0928 
6.  7645 
6.  4421 
6. 1268 
5.  8194 

5.  5212 
5.2326 
4.  9542 
4.  6857 
4.  4277 

4. 1798 
3.  9425 
3.  7155 
3.  4998 
3.  2953 

3. 1023 
2.  9203 
2.  7499 
2.  5901 
2.  4410 

2.  3017 
2.1718 
2.0511 
1.  9388 
1.  8341 

1.  7373 
1. 6471 
1.  5635 
1.  4856 
1.  4136 

1. 3447 

0.  55173 
.  56345 
. 57515 
. 58690 
.  59863 

.  61036 
.  62210 
.  63383 
. 64555 
.  65725 

.  66893 
.  68058 
. 69216 
. 70366 
.71506 

.72632 
.  73743 
.  74832 
.  75900 
.  76938 

.  77947 
. 78924 
. 79867 
. 80774 
. 81648 

. 82485 
.83286 
. 84053 
. 84783 
.  85475 

.  86127 
. 86744 
.87318 
. 87858 
. 88366 

.  88835 
.89274 
. 89682 
.  90063 
.90415 

. 90743 
.  91051 
.  91331 
.  91593 
.  91839 

.  92072 

0.  04162 

1               

56 

57 

.  04365 

2                     

.  04578 

3                     

58  _ 

.04804 

4                        

59 

.  05044 

5                       

60. 

.  05297 

6 

61 

.  05567 

7 

62 

.05853 

8                      

63 

.  06159 

9                         

64 

.06485 

10 

65.... _ 

.  06833 

It                      _ 

66. 

. 07205 

12                        

67 

.  07603 

13                    

68... 

. 08030 

14                      

69 

. 08486 

15                      .. _ 

70 

.  08975 

16  ..                 

71 

.  09497 

17                      

72 _ 

.  10055 

18                       _ 

73.... 

.  10650 

19 

74 

.11282 

20                  

75 

.  11953 

21 

76 

.  12663 

22... 

77 

.  13414 

23  .. _ 

78 : 

. 14206 

24  .                       

79 

. 15043 

25.. 

80 

. 15924 

26 

81 

.16851 

27 

82... 

. 17825 

28.  .                   

83... 

. 18841 

29  . 

84 

. 19900 

30 

85 

. 20995 

31  . 

86 

.  22127 

32 

87 

.23285 

33 

88 

.  24472 

34 

89... 

.  25680 

35 

90 ' 

.  26906 

36 

91 

.  28146 

37 

92 

.29394 

38 

93 

.30646 

39  . 

94 

. 31902 

40 

95— 

.  33151 

41 

96 

.  34396 

42... 

97 

98— 

99 

.35627 

43 

.  36849 

44___ 

.  38051 

45 

100 

.  39268 

46 _. 

47 

48... 

49... 

50.... 

51 

52 

53 

54 
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Table  24. — United  States  White  Males:  1939-1941 — Immediate  Whole  Life  Annuity,  Single  and  Annual  Net  Premiums 

at  4  Percent  Ixterest 

[Present  value  at  each  age  of  a  life  annuity  of  one  per  annum,  first  payment  to  be  made  at  the  end  of  1  year;  present  value  of  a  whole  life  assurance  of  one  unit,  and  the  annual 

payment  of  an  equivalent  whole  life  annuity-due] 


AGE 

IMMEDIATE 

LIFE   ANNUITY 

SINGLE 

PREMIUM 

ANNUAL 
PREMIUM 

AGE 

IMMEDIATE     ; 
LIFE   ANNUITY 

SINGLE 

PRKMH   M 

ANNUAL 
PREMIUM 

X 

<li 

A, 

Pz 

I 

<lx 

A, 

/', 

0 - 

21.2516 
22.  2190 
22.  2208 
22. 1709 
22. 1014 

22.0211 
21.9336 
21. 8391 
21.  7387 
21.6322 

21.  5207 
21.  4036 
21.  2826 
21. 1572 
21.0286 

20. 8976 
20.7646 
20.6292 
20.  4917 
20. 3507 

20. 2073 
20.0598 
19.9087 
19. 7533 
19. 5926 

19.4255 
19.  2515 
19.0713 
18.8840 
18. 6898 

18.4898 
18.2833 
18.  0702 
17.8505 
17.  6243 

17.3926 
17.1541 
16.9091 
16.6590 
16.4025 

16.1403 
15.8722 
15.5990 
15.3208 
15.0385 

14.7514 
14.4596 
14.1645 
13.8655 
13.5628 

13.  2571 
12.9477 
12.  6365 
12.3235 
12. 0086 

0.14417 
. 10696 
.10689 
.10881 
.11148 

. 11458 
.11794 
.12158 
.12543 
.12953 

. 13383 
. 13832 
.14299 
.14780 
.15275 

.15778 
.16290 
.16810 
.17340 
.17881 

. 18434 
.19000 
. 19581 
.20178 
.20797 

.21440 
.22108 
.22804 
.23524 
.  24269 

.  25039 
.25834 
.  26654 
.27498 
.28366 

.29260 
.  30177 
.31117 
.32081 
.33068 

.34076 
.  35105 
.36156 
. 37226 
.38316 

.39420 
. 40541 

.41678 
.42828 
.  43991 

.45168 
.46352 
.47550 
.48756 
. 49967 

0.  00648 
. 00401 
.00460 
. 00470 
.00483 

.00498 
.  00514 
.00532 
.00552 
.  00572 

.00594 
.00617 
.00642 
.00667 
.00693 

. 00721 
.00748 
.00777 
.00807 
.00837 

.00869 
.00902 
.00937 

.i"m:i72 

.01010 

.01050 
.  01092 

.01136 
.01183 
.01233 

.01285 
.01340 
.01398 
.01459 
.01523 

.01591 
.01662 
.01737 
.01817 
.01900 

.01988 
.02081 
. 02178 
.02281 
.02389 

.02503 
.02622 
.02748 
.02881 
. 03021 

.03168 
. 03323 
.03487 
.03659 
.03841 

55 

11.6923 
11.3748 
11.0567 

10.7376 
10.4178 

10. 0970 
9. 7754 
9.4533 
9.1304 
8.8073 

8.4840 
8.1609 
7.8386 
7.5178 
7.1991 

6.8834 

6.5718 
6.  2651 
5.  9643 
5. 6709 

5.3852 
5.1086 
4.8410 

4.5826 
4.3341 

4. 0946 

3.  86.52 
3.  6455 
3. 4362 
3.  2376 

3.0S01 

2.  8729 
2.  7069 
2.  5.51 1 
2. 4053 

2.  2692 

2.1422 
2. 0239 
1.9139 
1.8114 

1.7163 

1.6277 
1.  .5457 
1.4692 
1.3984 

1.  3306 

0.51183 
.52404 
.  .53627 
.  .54855 
.56086 

.  57319 
58555 

. 59794 
.  61036 
.62280 

.63523 
.64767 
.66006 
. 67239 
.68465 

"■ 

----- 

.  72/1.58 

.73214 

.74344 

.75441 
.76507 
.  77.536 
. 78527 
. 79489 

.80405 
.81288 
.82133 
. 82937 
.  K3701 

.MI24 
.85101 

.H574  4 
. K6343 

■ 

.  87425 
.S7913 
.88369 
.88794 
.  89189 

.89554 
.89894 
.90210 
.90503 
.90777 

.  91036 

o  04033 

1          _ _.. 

56 

.0423.5 
.04448 
04673 

2                

57 

3                - 

58 

4 

59 

.04912 
05165 

5                    .. 

60 .. 

6 

7                .-. 

61 w 

62 

. 05434 

.0-720 
06025 

8..          

63 .-_ _.. 

9 _._ _._ 

64 

06350 

10              "    .     

65 

66 ..                  

.06698 

07070 

11..           

12              

67 

68  .. 

07468 

13                              _ 

.07894 
08350 

14_ .._ 

69 ._ 

15 

70 

08839 

16 - ... 

71.. 

72 

09361 

17... 

09918 

18     .                        

73 

10513 

19                                                            

74    - 

11145 

20                          j._. 

75. 

76 .... 

11815 

21 

1 2-525 

22 

77         _ 

13274 

23         

78 

79    -                       

14067 

24                                                         

14902 

25 -.- 

80 .   . 

1.57*2 

26                              

81  ..                         

1 6708 

27 

82 

176WI 

28                          

83 • 

84 

85 

-      ' 

29 _.. 

19752 

30 

. 20845 

31                                 

86 

.21971 

32  .                                                       

87 

88 

23131 

33               

.2431.5 

34               

89 

.  25520 

35  . 

90    .     . 

26742 

36  ..                           

91 

92    

.  27979 

37  ..      

.29223 

38 

93 

. 30472 

39_ 

94 

95    

.31724 

40     

.32968 

41— 

96 

.  34210 

42 

97    .                       ....... 

.35436 

43  . 

98    . 

.  36653 

44  .. 

99 _ 

.  37840 

45 

100 

39061 

46 . 

47 _ 

48. 

49 

50 

51 __ . 

52 

53 

54 
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Table  25. — United  States  White  Females:  1939-1941 — Elementary  Values 

[In  the  interest  of  internal  consistency  within  the  actuarial  tables,  certain  of  these  values  have  been  altered  very  slightly  from  those  appearing  in  table  6,  p.  36.     For  explanation, 

see  text,  p.  137] 


OF   100,000  BORN  ALIVE 

PROBABILITY 
OF    SURVIV- 
ING  1    TEAR 
AT  EACH 
AGE 

PROBABILITY 

OF  DYING 

IN   EACH 

YEAR  OF 

AGE 

FORCE  OF 

MORTALITY 
AT  EACH  AGE 

AGE 

OF  100,000  BORN  ALIVE 

PROBABILITY 
OF  SURVIV- 
ING   1  YEAR 
AT  EACH 
AGE 

PROBABILITY 

OF  DYING 

IN   EACH 

YEAR   OF 

AGE 

AGE 

Number 

surviving  to 

each  age 

Number 

dying  in  each 

year  of  age 

Number 

surviving  to 

onch  age 

Number 

dying  in  each 

year  of  age 

MORTALITY 
AT  EACH  AGE 

X 

U 

A* 

P' 

9* 

V-i 

X 

U 

A, 

1>* 

1' 

»i 

0      

100,  000 
96, 211 
95,  796 
95,  585 
95,  431 

95,  309 
95,  203 
95, 112 
95, 032 
94, 958 

94, 890 
94,  824 
94,  758 
94,  689 
94,  616 

94,  534 
94, 443 
94,  342 
94,231 
94, 112 

93, 984 
93, 848 
93,  703 
93,  551 
93,  392 

93,  228 
93,  059 
92. 884 
92,  703 
92, 515 

92,320 

92. 116 
91,904 
91,  684 
91,  453 

91,211 
90,  958 
90,  692 
90,  412 

90. 117 

89, 805 
89,  475 
89,123 
88,  749 
88, 349 

87, 920 
87, 460 
86, 967 
86, 439 
85, 873 

85, 267 
84, 617 
83, 922 
83, 176 
82, 377 

3,789 
415 
211 
154 

122 

106 
91 
80 
74 
68 

66 
66 
69 
73 
82 

91 
101 

111 
119 
128 

136 
145 
152 
159 

164 

169 
175 
181 
188 
195 

204 
212 
220 
231 
242 

253 
266 
280 
295 
312 

330 

352 
374 
400 
429 

460 
493 
528 
566 
606 

650 
695 
746 
799 
857 

0.96211 
. 99569 
. 99780 
. 99839 
. 99872 

. 99889 
. 99904 
.99916 
. 99922 
. 99928 

. 99930 
. 99930 
. 99927 
.99923 
. 99913 

.  99904 
.  99893 
.  99882 
. 99874 
.99864 

. 99855 
. 99845 
. 99838 
. 99830 
. 99824 

. 99819 
.99812 
. 99805 
. 99797 
. 99789 

.  99779 
.  99770 
. 99761 
. 99748 
. 99735 

.99723 
.  99708 
.  99691 
.  99673 
.99654 

.  99633 
.  99607 
.  99580 
.  99549 
.  99514 

.  99477 
.  99436 
. 99393 
.  99345 
.99294 

. 99238 
. 99179 
.99111 
. 99039 
. 98960 

0. 03789 
.00431 
. 00220 
.00161 
. 00128 

.00111 
.  00096 
.00084 
.  00078 
.00072 

. 00070 
.00070 
. 00073 
.00077 
.00087 

. 00096 
.00107 
.00118 
.  00126 
.  00136 

.  00145 
.  00155 
.  00162 
.  00170 
.  00176 

.00181 
. 00188 
. 00195 
.00203 
.00211 

. 00221 
. 00230 
.  00239 
. 00252 
. 00265 

.00277 
.  00292 
.  00309 
.00327 
.  00346 

.00367 
. 00393 
.  00420 
.00451 
.  00486 

.00523 
.00564 
.00607 
.  00655 
.  00706 

.00762 
. 00821 
.00889 
. 00961 
.  01040 

8.  06964 
.  00743 
. 00260 
. 00176 
.  00142 

.  00118 
.  00103 
.  00090 
. 00080 
.00074 

.00070 
. 00069 
.00071 
.00074 
.  00081 

.  00091 
.  00102 
.00112 
.  00122 
.  00131 

.  00141 
.  00150 
.  00159 
.  00166 
.  00173 

.  00179 
. 00185 
.  00191 
.00199 
.  00207 

.  00216 
. 00225 
.  00235 
.  00246 
.  00258 

.00271 
.  00285 
.  00301 
. 00318 
.  00336 

.  00357 
.  00381 
.  00407 
.  00436 
.  00469 

.  00505 
.00544 
.00587 
. 00633 
. 00682 

.  00736 
.  00794 
.  00858 
.00928 
.01004 

55... 

56 

57 

81.520 
80, 601 
79.  614 
78,  555 
77.419 

76,  200 
74, 894 
73,  495 
72,  000 
70, 404 

68,  701 
66, 885 
64, 950 
62,  889 
60,  695 

58, 363 
55, 893 
53, 283 
50,  539 
47,  669 

44,  685 
41,  607 
38,  458 
35,  266 
32,  063 

28, 882 
25, 757 
22,  723 
19,812 
17, 057 

14,  487 
12, 126 

9,995 

8,106 

6,462 

5,061 
3,890 
2,932 
2,166 
1,566 

1,109 
767.2 
518.8 
342.6 
220.7 

138.7 
84.99 
50.72 
29.48 
16.68 

9. 181 
4.916 
2.561 
1.297 
.6387 

919 

987 
1,059 
1,136 
1,219 

1,306 
1,399 
1.495 
1,596 
1,703 

1,816 
1,935 
2,061 
2,194 
2,332 

2,470 
2,610 
2,744 
2,870 
2,984 

3,078 
3,149 
3,192 
3,203 
3,181 

3,125 
3,034 
2,911 
2,  755 
2,570 

2,361 
2,131 
1,889 
1,644 
1,401 

1,171 

958 
766 
600 

457 

341.8 
248.4 
176.2 
121.9 
82.0 

53.71 
34.27 
21.24 
12.80 
7.499 

4.265 

2.355 

1.264 

.6583 

.6387 

0. 98873 
.  98775 
.  98670 
.  98554 
.98425 

.98286 
.98132 
. 97966 
. 97783 
.  97581 

.  97357 
.  97107 
.96827 
.96511 
. 96158 

. 95768 
. 95330 
.94850 
.  94321 
.  93740 

. 93112 
.  92432 
.  91700 
.  90918 
.  90079 

.  89180 
. 88221 
. 87189 
.  86094 
.  84933 

.  83703 
.82426 
.81101 
.  79719 
.78319 

. 76862 
.  75373 
.  73874 
.72299 
.  70817 

.  69179 
.67623 
. 66037 
.  64419 
.62845 

.  61276 
. 59678 
.58123 
.  56581 
.55042 

.53545 
.52095 
.50644 
.49244 
.  00000 

0.01127 
.  01225 
. 01330 
. 01446 
. 01575 

.  01714 
.01868 
.02034 
.02217 
. 02419 

.02643 
.  02893 
.03173 
. 03489 
. 03842 

.04232 
.04670 
. 05150 
.  05679 
.  06260 

.06888 
.  07568 
. 08300 
.  09082 
.  09921 

.10820 
.  11779 
.12811 
.  13906 
. 15067 

.16297 
. 17574 
.18899 
.20281 
.21681 

.23138 
. 24627 
.  26126 
.27701 
.29183 

. 30821 
.32377 
.  33963 
.  35581 
.  37155 

.  38724 
. 40322 
.41877 
. 43419 
.  44958 

.46455 
. 47905 
.  49356 
.  50756 
1.00000 

0. 01089 

1          

.  01181 

2 

.01284 

3    

58... 

59__ _ 

60 

61   

62 

.  01396 

4     

.01520 

5 

.  01656 

6.    

. 01805 

7 

01968 

8 

63 

. 02146 

9 

64__. 

02342 

10 

65 

.02559 

11 

66 

67 

.02802 

12 

. 03075 

13 

68 

. 03382 

14 

69 

.03727 

15 

70 

.04114 

16 

71 

. 04545 

17 

72  

.05026 

18     . 

73 

.  05558 

19 

74 

.  06146 

20 

75 

.  06791 

21 

76 

.  07494 

22 

77__ 

.08257 

23 

78 

. 09082 

24     . 

79 

.09973 

25 

80 

.  10936 

26 

81 

. 11978 

27 

82__. 

13105 

28 

83.   

. 14324 

29 

84     ... 

15638 

30 

85 

.17044 

31 

86   ._-... 

18541 

32 

87     . 

20124 

33     . 

88 

. 21792 

34 

89 

.23542 

35 

90 

.25373 

36 

91   

.27283 

37 

92 

.29271 

38     . 

93 

. 31334 

39 

94 

. 33472 

40      ...     .. 

95 

.35681 

41 

96   

.  37960 

42     . 

97  .. 

.  40305 

43 

98 

.42714 

44     . 

99 

. 45182 

45 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

.47706 

46.. 

.50281 

47 

.52902 

48 

. 55562 

49 

.58254 

50. _ 

.60970 

51_    _ 

.63702 

52 

.66440 

53 

. 69171 

54 

70 
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Table  26. — United  States  White  Females:   1939-1941 — Commutation  CoLrMxs  at  2  Percent  Interest 


I 

Dx 

Arx 

S, 

Cz 

V, 

R; 

D. 

N, 

a. 

C, 

M, 

*. 

0 

100, 000 

3,  605,  671 

101, 903,  354 

3, 714. 7 

29,  300. 6 

1,607.561.7 

55    27,432 

463,398 

5,485,065 

303.18 

18,345.56 

355, 847. 47 

1 

94,  3X5 

3,  505,  671 

98, 297,  683 

398. 89 

25.  585. 85 

1,578.261.13 

56    26,591 

435,966 

5.021,667 

319.23 

18. 042. 38 

337,501.91 

2 

92.  076 

3,411,346 

94,  792,  012 

198.83 

25, 186. 96 

1,  552,  675.  28 

57    25,750 

409.  375 

4, 585, 701 

335.80 

17.  723. 15 

319, 459. 53 

3 

90,  072 

3,  319, 270 

91, 380,  666 

142.27 

24. 988. 13 

1,  527.  488. 32 

58    24,909 

383,  625 

4, 176, 326 

353.  ir, 

17,  387. 35 

301,736.38 

4 

88,163 

3, 229, 198 

88, 061, 396 

110.50 

24, 845. 86 

1,  502,  500. 19 

59 

24,068 

358,  716 

3, 792, 701 

371.53 

17, 034. 19 

284,  349. 03 

5 

86,  324 

3. 141, 035 

84, 832, 198 

94.125 

24, 735.  36 

1.477.654.33 

60 

23.224 

334,648 

3, 433, 985 

390.24 

16.662.66 

267.314.84 

6 

84,538 

3,054,711 

81,691,163 

79.  221 

24,  641.  24 

1,452.918.97 

61 

22.379 

311.424 

3,099.337 

409.83 

16.272.42 

250,  652. 18 

7 

82,801 

2.  970, 173 

78,  636.  452 

68.279 

24,  562.  02 

1,428,  277.73 

62   21.530 

289.045 

2,787.913 

429.37 

15.862.59 

234,  379.  76 

8 

81, 109 

2.  887.  372 

75.  666. 279 

61.920 

24.  493.  74 

1,403.715.71 

63    20.  679 

267.515 

2, 498, 868 

449.  39 

15.433.22 

218.517.17 

9 

79,  457 

2. 806,  263 

72, 778,  907 

55.  784 

24.431.82 

1.379,221.97 

64    19,824 

246,836 

2,231,353 

470. 1 1 

14,983.83 

203, 083. 95 

10 

77,843 

2.  726,  806 

69, 972.  644 

53.081 

24.  376.  03 

1,354.790.15 

65    18.965 

227.012 

1,984,517 

491.48 

14.513.72 

188,100.12 

11 

76,  203 

2,  648,  963 

67,  245, 838 

52.041 

24.  322. 9.5 

1.330.414.  12 

66    18,102 

208.047 

1, 757,  505 

513.42 

14.022.24 

173,  586. 40 

12 

74,  716 

2,  572.  700 

64,  596.  875 

53.  339 

24.270.91 

1,306.091.17 

67    17.233 

189. 945 

1,  549,  458 

536.13 

13.  508. 82 

159,564.16 

13 

73,  198 

2, 497,  984 

62.024.  175 

55.325 

24.217.57 

1.281.820.26  ' 

68    16.359 

172.712 

1.  359,  513 

559.53 

12,972.69 

146.0.55.34 

14 

71,  707 

2,  424,  786 

59.  526. 191 

60.927 

24, 162.  25 

1.257.602.69 

69 

15,  479 

156,353 

1, 186, 801 

583.06 

12,413.16 

133,082.65 

15 

70,240 

2.  353. 079 

57.101.405 

66.289 

24,101.32 

1.233.440.44 

70 

14,  592 

140.874 

1, 030, 448 

605.46 

11.830.10 

120.  669. 49 

16 

68,797 

2,  282.  839 

54.  748, 326 

72. 130 

24.  035. 03 

1,  209,  339. 12 

71 

13,  701 

126.282 

889,574 

627.23 

11.224.64 

108.839.39 

17 

67,  376 

2,  214, 042 

52,  465,  487 

77.718 

23.  962. 90 

1.185,304.09 

72 

12,805 

112,581 

763,292 

646.50 

10. 597.  41 

97.  614.  75 

18 

65, 977 

2, 146,  666 

50,251.44-5 

81.685 

23.885.18 

1.161.341.19 

73 

11,907 

99,776 

650.711 

662.93 

9.  950. 91 

87,017  34 

19 

64,601 

2, 080,  689 

48, 104,  779 

86.140 

23.803.50 

1.137.456.01 

74 

11,011 

87,869 

550,935 

675.  75 

9,287.98 

77, 066.  43 

20 

63,249 

2,  016, 088 

46,024,090 

89.730 

23, 717. 36 

1.113.652.51 

75 

10. 119 

76,858 

463.066 

683.37 

8,  612.  23 

67.  778. 45 

21 

61,919 

1,952,839 

44, 008,  002 

93.792 

23. 627. 63 

1.089.935.15 

76 

9,  237.  5 

66,739.0 

386,208.2 

685.42 

7.928.86 

59, 166. 22 

22 

60,611 

1,  890,  920 

42, 055, 163 

96.  392 

23.  533. 84 

1.066.307.52 

77 

8,370.9 

57, 501. 5 

319, 469. 2 

681.16 

7.  243.  44 

51,237.36 

23 

59,  326 

1, 830,  309 

40,164,243 

98.854 

23,  437. 44 

1.042.773.68 

78 

7, 525. 6 

49, 130. 6 

261,967.7 

670. 1 1 

6.  562. 28 

43. 993. 92 

24 

58,064 

1,770,983 

38, 333, 934 

99.963 

23, 338. 59 

1,019,336.24 

79 

6,708.0 

41,605.0 

212,  837. 1 

652.45 

5. 892. 17 

37.431.64 

25 

56,  825 

1.712.919 

36, 562, 951 

100.99 

23,238.63 

995, 997. 65 

80 

5, 924. 0 

34. 897. 0 

171,232.1 

628.40 

5. 239. 72 

31. 539. 47 

26 

55,  610 

1.  656.  094 

34,  850, 032 

102. 53 

23. 137.  64 

972,  759. 02 

-1 

5,179.4 

28,973.0 

136.335.1 

598.14 

4.611.32 

26.  299. 75 

27 

54.417 

1.  600.  484 

33. 193. 938 

103. 96 

23,035.11 

949,621.38 

82 

4,479.7 

23, 793. 6 

107.  362. 1 

562.64 

4, 013. 18 

21.688.43 

28 

53,  246 

1,546.067 

31,593.4.54 

105. 87 

22.  931. 15 

926, 586. 27 

V! 

3. 829. 3 

19,313.9 

83, 568. 5 

522.04 

3.450.54 

17.675.25 

29 

52,096 

1,  492, 821 

30, 047, 387 

107.  65 

22,  825. 28 

903, 655. 12 

84 

3, 232. 1 

15, 484. 6 

64.  2-54. 6 

477.44 

2,928.50 

14.224.71 

30 

50, 967 

1,  440,  725 

28,  554.  566 

110.41 

22, 717. 63 

880,829.84 

85 

2. 691. 3 

12, 252. 5 

48.  770. 0 

430.01 

2.451.06 

11.296.21 

31 

49,857 

1, 389, 758 

27,113.841 

112.49 

22.  607.  22 

858,112.21 

SO 

2,208.5 

9, 561. 2 

36.517.5 

380.51 

2.021.05 

8.845.15 

32 

48,  767 

1,  339, 901 

25, 724, 083 

114.45 

22, 494.  73 

835.504.99 

87 

1, 784. 7 

7.352.7 

26.  956.  3 

330.69 

1,  640. 54 

6. 824. 10 

33 

47,  697 

1, 291, 134 

24,  384, 182 

117.82 

22.380.28 

813.010.26 

^ 

1,419.0 

5,568.0 

19.  603. 6 

282.15 

1,309.85 

5. 183. 56 

34 

46,  644 

1, 243, 437 

23, 093, 048 

121.01 

22.  262.  46 

790. 629. 98 

v. 

1, 109. 1 

4.149.0 

14. 035.  6 

235.73 

1,027.70 

3.  873.  71 

35 

45,  608 

1,196,793 

21,849,611 

124.03 

22.141.45 

768, 367.  52 

90 

851.  57 

3.  039. 85 

9, 886. 58 

193. 17 

! 

2  846.01 

36 

44.590 

1.151,185 

20,  652,  818 

127.84 

22.017.42 

746, 226. 07 

91 

641.70 

2,188.28 

6. 846.  73 

1.54.94 

598.80 

2. 0.54. 04 

37 

43,588 

1.  106,  595 

19,  501,  633 

131.93 

21,889.58 

724.  208. 65 

92 

474. 19 

1.. 546. 58 

4.  658.  45 

121.45 

443.86 

1.455.24 

38 

42,601 

1,063,007 

18,  395,  038 

136.27 

21.757.65 

702,319.07 

93 

343. 43 

1,072.39 

3.111.87 

93.269 

322.408 

1,011.385 

39 

41,629 

1.  020,  406 

17,  332,  031 

141.30 

21.621.38 

680,561.42 

'Ji 

243.43 

728.96 

Z  039. 48 

69.  647 

229.139 

688.977 

40 

40,  672 

978.  777 

16,311,625 

146.  52 

21,480.08 

658, 940. 04 

95 

169.01 

485.53 

1, 310. 52 

51.069 

159.492 

459.838 

41 

39,728 

938.  105 

15,332,848 

153.23 

21.333.56 

637, 459. 96 

!'K 

114.63 

316. 52 

824.99 

36.386 

108.423 

300.346 

42 

38,796 

898,  377 

14, 394, 743 

159.  61 

21.180.33 

616. 126.  40 

97 

75.995 

201.890 

508.466 

25.304 

72  037 

191.923 

43 

37,  875 

859, 581 

13, 496,  366 

167.  36 

21,020.72 

594,  946.  07 

98 

49.201 

125.895 

306. 576 

17.  163 

46.733 

119.886 

44 

36,965 

821,  706 

12,  636,  785 

175.  97 

20, 853.  36 

573.  925. 35 

99 

31. 073 

76.694 

180.681 

11.319 

29.570 

73.153 

45 

36, 065 

784,  741 

11,-815. 079 

184.99 

20,  677. 39 

553, 071. 99 

100 

19.145 

45. 621 

103.987 

7.2684 

18.2506 

43.5829 

46 

35, 172 

748, 676 

11, 030. 338 

194. 37 

20, 492. 40 

532.  394.  60 

101 

11.501 

26.476 

58  166 

4.5467 

10.9822 

25.3323 

47 

34,288 

713,  504 

10,  281,  662 

204.09 

20,  298. 03 

511.902.20  ! 

102 

6.7292 

14. 9755 

31. 8898 

2.  7627 

6.4355 

14.3501 

48 

33,412 

679, 216 

9, 568, 158 

214.  49 

20. 093. 94 

491,  604. 17  ' 

103 

3.8345 

8.2463 

16. 9143 

1.6323 

3.6728 

7.9146 

49 

32,542 

645,  804 

8, 888, 942 

225.15 

19, 879. 45 

471.510.23 

104 

2. 1271 

4.4118 

8.6680 

.93753 

2.04055 

4.  24178 

50 

31,  679 

613,  262 

8, 243, 138 

236.76 

19, 654.  30 

451,  630. 78  ' 

105 

1. 1478 

2.2847 

4  2562 

.52276 

1.10302 

2.20123 

51 

30, 821 

581,  583 

7,  629,  876 

248. 19 

19, 417. 54 

431.976.48  ' 

106 

.60255 

1. 13687 

1  97153 

.28299 

.58026 

1.09821 

52 

29,969 

550, 762 

7. 048, 293 

261. 17 

19, 169. 35 

412,  558. 94  \ 

107 

.30775 

..53432 

.83466 

.14891 

.29727 

.51795 

53 

29,120 

520,  793 

6, 497,  531 

274.24 

18. 908. 18 

393.389.59 

108 

.15280 

.22657 

.30034 

.076034 

.148357 

.220680 

54 

28,275 

491,673 

5.  976,  738 

288,38 

18.633.94 

374.481.41 

109 

.073770 

.  073770 

.  073770 

.072323 

.072323 

.072323 

-Vx=C+X»I+i+  . 
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Table  27. — United  States  White  Females:  1939-1941 — Commutation  Columns  at  2y2  Percent  Interest 


X 

B, 

N: 

S* 

C, 

M, 

R, 

X 

D, 

Nx 

& 

Cx 

M: 

R, 

0 

100,000 

3, 171,  576 

83, 187, 057 

3, 696.  6 

22,  644.  5 

1,142,624.3 

55 

20, 963 

336, 119 

3, 866, 678 

230.56 

12,764.89 

241,809.78 

1 

93, 864 

3, 071,  576 

80,015,481 

395. 00 

18,  947.  90 

1,119,979.77 

56 

20,  221 

315,156 

3,  530, 559 

241.58 

12.534.33 

229.  044. 89 

2 

91, 180 

2,  977,  712 

76,  943,  905 

195. 93 

18,  552.  90 

1,101,031.87 

57 

19,486 

294, 935  ■ 

3,215,403 

252.  88 

12,  292.  75 

216,510.50 

3 

88, 760 

2.  886,  532 

73,  966, 193 

139.  52 

18,  356.  97 

1,082,478.97 

58 

18, 758 

275, 449 

2, 920, 468 

264.65 

12,039.87 

204,217.81 

4 

86, 456 

2,  797,  772 

71, 079,  661 

107. 83 

18,  217.  45 

1,064,122.00 

59 

18, 036 

256,  691 

2,  645,  019 

277.  06 

11,775.22 

192.177.94 

5 

84,239 

2,711,316 

68, 281, 889 

91.403 

18.109.62 

1,045,904.55 

60 

17,319 

238,  655 

2, 388, 328 

289.  59 

11,498.16 

180,  4112.  72 

6 

82, 093 

2,  627,  077 

65, 570,  573 

76.  555 

18.  018.  21 

1,  027,  794.  93 

61 

16, 607 

221,  336 

2, 149,  673 

302.  65 

11.208.57 

168,904.  .56 

7 

80, 014 

2,  544,  984 

62,  943, 496 

65. 660 

17,941.66 

1,009,776.72 

62 

15, 899 

204,  729 

1, 928,  337 

315.  53 

10,905.92 

157,695.99 

8 

77, 997 

2,  464,  970 

60,398,512 

59.254 

17,876.00 

991,835.06 

63 

15, 196 

188,830 

1, 723, 608 

328. 63 

10,590.39 

146,790.07 

9 

76,  036 

2, 386, 973 

57, 933,  542 

53. 121 

17,816.75 

973, 959. 06 

64 

14, 497 

173,634 

1, 534, 778 

342. 11 

10,261.76 

136,199.68 

10 

74, 128 

2, 310, 937 

55, 546,  569 

50.  302 

17,  763.  62 

956, 142.  31 

65 

13,801 

159, 137 

1,361.144 

355.91 

9, 919.  65 

125,937.92 

11 

72,  270 

2,  236, 809 

53,  235,  632 

49.  075 

17,713.32 

938, 378. 69 

66 

13, 109 

145,  336 

1,202,007 

369. 98 

9,  563.  74 

1)6,018.27 

12 

70,  458 

2, 164.  539 

50, 998, 823 

50.  054 

17,  664.  25 

920,  665.  37 

67 

12,419 

132,227 

1,056,671 

384. 46 

9, 193.  76 

106.454.53 

13 

68. 689 

2,  094,  081 

48,  834, 284 

51.664 

17,614.19 

903,  001. 12 

68 

11,731 

119,808 

924,  444 

399.29 

8, 809. 30 

97,  260.  77 

14 

66,  962 

2,  025,  392 

46, 740, 203 

56.  618 

17,  562.  53 

885, 386. 93 

69 

11,046 

108, 077 

804,  636 

414.  05 

8, 410. 01 

88,451.47 

15 

65,  272 

1,958,430 

44, 714, 811 

61.  300 

17,  505.  91 

867, 824. 40 

70 

10,  363 

97, 031 

696,  559 

427.86 

7, 995. 96 

80,041.46 

16 

63,  619 

1,  893, 158 

42, 756,  381 

66. 377 

17, 444.  61 

850, 318. 49 

71 

9, 682. 0 

86, 668. 2 

599,  528. 2 

441. 08 

7, 568. 10 

72,  045.  50 

17 

62,  001 

1,  829,  539 

40, 863,  223 

71. 169 

17,  378.  23 

832, 873.  88 

72 

9, 004. 7 

76, 986. 2 

512, 860. 0 

452.  42 

7, 127.  02 

64,  477.  40 

18 

60,  418 

1,  767.  538 

39, 033, 684 

74. 438 

17, 307. 07 

815,495.65 

73 

8, 332. 7 

67,981.5 

435,  873.  8 

461.  65 

6,  674.  60 

57, 350. 38 

19 

58, 870 

1,  707, 120 

37, 266, 146 

78. 115 

17,  232.  63 

798, 188. 58 

74 

7, 667. 8 

59,  648.  8 

367. 892. 3 

468.  28 

6,  212.  95 

50, 675. 78 

20 

57, 356 

1,648,250 

35,  559, 026 

80. 973 

17,154.51 

780, 955. 95 

75 

7, 012.  5 

51,981.0 

.  308,  243. 5 

471.  25 

5,  744.  67 

44,  462. 83 

21 

55,  876 

1,  590,  894 

33, 910,  776 

84.  225 

17,  073.  54 

763,  801.  44 

76 

6,  370.  2 

44.  968.  5 

256,  262.  5 

470.  37 

5,  273.  42 

38, 718. 16 

22 

54,429 

.  1, 535, 018 

32, 319, 882 

86. 138 

16, 989.  31 

746,  727.  90 

77 

5,  744.  5 

38, 598. 3 

211,294.0 

465. 16 

4,  803.  05 

33. 444.  74 

23 

53,  015 

1, 480,  589 

30, 784, 864 

87. 907 

16,  903. 18 

729,  738. 59 

78 

5, 139.  2 

32, 853. 8 

172,695.7 

455.  38 

4,  337.  89 

28, 641. 69 

24 

51,  634 

1,  427,  574 

29,  304,  275 

88. 460 

16, 815. 27 

712, 835. 41 

79 

4,  558.  5 

27, 714.  6 

139, 841. 9 

441.  22 

3, 882.  51 

24, 303. 80 

25 

50,  286 

1,  375,  940 

27, 876,  701 

88. 934 

16, 726. 81 

696,  020. 14 

80 

4, 006. 1 

23, 156. 1 

112,127.3 

422.  88 

3,441.29 

20,  421.  29 

26 

48,  971 

1,  325.  654 

26,  500,  761 

89. 845 

16, 637. 88 

679,  293. 33 

81 

3, 485.  5 

19, 150.  0 

88, 971. 2 

400.  55 

3,018.41 

16, 980. 00 

27 

47,  687 

1,276,683 

25, 175, 107 

90. 659 

16, 548. 03 

662, 655. 45 

82 

2,  999. 9 

15,  664.  5 

69,  821.  2 

374.  94 

2, 617. 86 

13, 961.  59 

28 

46,  433 

1,  228,  996 

23, 898, 424 

91.868 

16, 457.  37 

646,107.42 

83 

2,  551. 8 

12,  664.  6 

54,156.7 

346. 19 

2,  242.  92 

11,343.73 

29 

45,  208 

1, 182.  563 

22,  669,  428 

92. 965 

16,  365.  50 

629,  650.  05 

84 

2, 143. 4 

10, 112.  8 

41, 492. 1 

315.  07 

1, 896.  73 

9, 100.  81 

30 

44,  013 

1,137,355 

21, 486, 865 

94. 883 

16,  272.  54 

613,  284.  55 

85 

1,776.0 

7, 969.  4 

31,379.3 

282.  39 

1,581.66 

7, 204. 08 

31 

42,  845 

1,093,342 

20,  349,  510 

96. 199 

16,177.66 

597.  012.  01 

86 

1, 450.  3 

6,193.4 

23,  409.  9 

248.  66 

1.299.27 

5,  622.  42 

32 

41,  703 

1, 050,  497 

19,256,168 

97.  395 

16,081.46 

580,834.  35 

87 

1, 166.  3 

4, 743. 1 

17,216.5 

215.  05 

1, 050. 61 

4,323.15 

33 

40.  589 

1, 008. 794 

18,  205,  671 

99.  770 

15,  984.  06 

564,  752. 89 

88 

922.  80 

3.  576.  78 

12,473.35 

182.  59 

835.  56 

3.  272.  54 

34 

39,  499 

968,  205 

17,196,877 

101.97 

15, 884.  29 

548, 768.  83 

89 

717.  70 

2,  653. 98 

8, 896.  57 

151.81 

652.  97 

2, 436. 98 

35 

38, 434 

928, 706 

16,  228,  672 

104.01 

15,782.32 

532,  884.  54 

90 

548. 39 

1, 936.  28 

6.  242.  59 

123.79 

501.  16 

1,784.01 

36 

37,  392 

890,  272 

15.  299,  966 

106.68 

15,  678.  31 

517, 102.  22 

91 

411.22 

1,387.89 

4,  306.  31 

98. 803 

377.  372 

1,282.853 

37 

36,  374 

852.  880 

14,  409,  694 

109.  56 

15,571.63 

501, 423.  91 

92 

302.  39 

976.  67 

2,  918.  42 

77. 074 

278. 569 

905. 481 

38 

35, 377 

816,  506 

13,556,814 

112.61 

15, 462.  07 

485,  852.  28 

93 

217. 94 

674.  28 

1,941.75 

58.899 

201.  495 

626. 912 

39 

34, 401 

781, 129 

12, 740,  308 

116.20 

15,  349.  46 

470,  390.  21 

94 

153.  73 

456.  34 

1,  267. 47 

43.  767 

142. 596 

425.  417 

40 

33, 446 

746, 728 

11,959,179 

119.90 

15,233.26 

455,  040.  75 

95 

106. 21 

302.  01 

811.13 

31. 936 

98.829 

282. 821 

41 

32,  510 

713,  282 

11,212,451 

124.  78 

15, 113.  36 

439,  807.  49 

96 

71.683 

196.  396 

508.  521 

22.  643 

66. 893 

183. 992 

42 

31,  593 

680.  772 

10,499.169 

129.34 

14, 988.  58 

424,694.13 

97 

47.  292 

124.  713 

312.125 

15.670 

44.250 

117.099 

43 

30, 693 

649, 179 

9, 818, 397 

134.  96 

14, 859.  24 

409,  705.  55 

98 

30.  468 

77.  421 

187. 412 

10.  576 

28.580 

72.  849 

44 

29, 809 

618,  486 

9, 169,  218 

141.22 

14,  724.  28 

394, 846. 31 

99 

19. 149 

46.  953 

109. 991 

6.9411 

18. 0035 

44.2694 

45 

28, 941 

588,  677 

8,  550,  732 

147.  73 

14,  583.  06 

380, 122.  03 

100 

11.741 

27. 804 

63.  038 

4.  4355 

11.0624 

26.  2659 

46 

28,  087 

559,  736 

7,  962, 055 

154.  46 

14, 435.  33 

365,  538.  97 

101 

7. 0187 

16. 0629 

35.  2340 

2.7611 

6. 6269 

15.  2035 

47 

27,248 

531,  649 

7,  402,  319 

161.  39 

14,280:87 

351, 103.  64 

102 

4.  0864 

9.  0442 

19. 1711 

1.  6695 

3.  8658 

8.  5766 

48 

26,  422 

504,  401 

6, 870,  670 

168. 79 

14,119.48 

336,  822.  77 

103 

2.  3172 

4.  9578 

10.1269 

.  98159 

2. 19631 

4.  71084 

49 

25, 609 

477,  979 

6,  366,  269 

176. 31 

13, 950.  69 

322, 703.  29  . 

104 

1.2791 

2.  6406 

5. 1691 

. 56104 

1.  21472 

2.  51453 

50 

24, 808 

452,  370 

5, 888, 290 

184.  50 

13, 774. 38 

308, 752.  60 

105 

.68689 

1.  36148 

2. 52853 

.  31131 

.65368 

1.  29981 

51 

24, 018 

427,  562 

5, 435, 920 

192.  46 

13, 589. 88 

294,  978.  22 

106 

.  35882 

.  67459 

1.16705 

.  16770 

.34237 

.64613 

52 

23,  240 

403,  544 

5, 008, 358 

201.  55 

13, 397. 42 

281, 388. 34 

107 

.18237 

.  31577 

. 49246 

.  087815 

. 174669 

.  30375S 

53 

22,  472 

380,  304 

4,604,814 

210.  60 

13, 195. 87 

267,  990.  92 

108 

.  090108 

.  133399 

.  176690 

.  044619 

. 086854 

.  129089 

54 

21,  713 

357,  832 

4,  224, 510 

220.  38 

12, 985.  27 

254,  795.  05 

109 

.  043291 

.  043291 

.  043291 

.  042235 

.042235 

.  042235 

N^D.+D^l-^  .  .  . 
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UNITED  STATES  LIFE  TABLES  AND  ACTUARIAL  TABLES 


Table  28. — United  States  White  Females:  1939-1941 — Commutation'  Columns  at  3  Percent  Interest 


I 

Dz 

Nr 

S, 

Cx 

M, 

R, 

X              D* 

A", 

& 

C, 

u. 

R, 

0 

100,000 

2. 818, 139 

68, 639, 305 

3, 678. 6 

17,  918. 1 

818, 932. 5 

55 

16.040 

244. 568 

2,  735,  022 

175.56 

».  917.09 

-  31 

1 

93.409 

2.  718. 139 

65, 821, 166 

391. 18 

14.239.53 

801.014.39 

56 

15. 398 

-_-  528 

2.  490, 454 

183.06 

8,741.53 

155.990.22 

2 

90.297 

2,  624.  730 

63. 103, 027 

193.09 

13, 848. 35 

786.  774. 86 

57 

14.  706 

213,  130 

2,  261, 926 

190.69 

-   ->47 

147.24- 

3 

87,  474 

2, 534, 433 

60. 478.  297 

136.83 

13.  655.  26 

772.  926.  51 

58 

14.  145 

• 

2,048,796 

|  ..... 

13*.  690.  22 

4 

84,789 

2, 446, 959 

57. 943, 864 

105.24 

13.  518. 43 

759,271.25 

59 

13.  535 

184,219 

1,850,432 

206.90 

•.18 

130.322.44 

5 

82,  214 

2, 362, 170 

55.  496,  905 

88.773 

13,  413. 19 

745.  752. 82 

60 

. 

170,684 

1.666.213 

215.21 

7.  962.  28 

122.  li 53.  26 

6 

79, 731 

2, 279, 956 

53. 134,  735 

73.991 

13, 324. 42 

732. 339.  63 

61    12.342 

157,750 

1 .  495,  529 

223.83 

7.747      - 

114.190.98 

7 

77.  335 

2, 200, 225 

50, 854,  779 

63.153 

13. 250. 43 

719.015.21 

62  ,11.758 

"    1   • 

1.337.  7"  ■ 

232.22 

7.  523.  24 

106.  443.  91 

8 

75,  019 

2, 122, 890 

48,  654,  554 

56.715 

13, 187.  27 

705.  7<'4.  7s 

fi3 

11.  1M 

133. 050 

1. 192, 371 

240.69 

7.  291.  02 

98,  920.  67 

9 

72.  777 

2, 047,  871 

46,531,664 

50.598 

13, 130.  56 

692,  577.  51 

64 

10.617 

122,466 

1,058,721 

249.34 

"           33 

91,629.65 

10 

70,607 

1,  975, 094 

44.  483,  793 

47.680 

13,079.96 

679. 446.  95 

65 

10.  059 

111.849 

936.255 

158.14 

6.800.99 

57ft  32 

11 

68,503 

1,904,487 

42,  508, 699 

46.291 

13. 032.  28 

666, 366. 99 

66 

9.  507.  6 

101.  790.  2 

824,405.7 

267.05 

0.  542   •■ 

-  33 

12 

66,461 

1, 835, 984 

40,  604,  212 

46.986 

12, 985.  99 

6.53. 334.  71 

67 

8. 903.  7 

92.  282.  6 

722.015.5 

276. 15 

6,275.80 

71.2T 

13 

64,479 

1.  769.  523 

38, 768, 228 

48.262 

12, 939.  00 

640.348.72 

68 

8,  426.  4 

83.318.9 

630, 332. 9 

285.41 

5. 999.  65 

64.  959. 68 

14 

62,  552 

1,705,044 

36, 998, 705 

52.633 

12, 890. 74 

627,  409.  72 

69 

7, 895. 6 

74,892.5 

547, 014. 0 

294.53 

5.714.24 

58.960.03 

15 

60,678 

1,642.492 

35, 293, 661 

56.708 

12,838.11 

614, 518. 98 

70 

7. 371. 1 

66,996.9 

472.121.5 

302.87 

5.  419.  71 

.53.  245.  79 

16 

58,854 

1,  581, 814 

33, 651, 169 

61. 107 

12,781.40 

601, 680. 87 

71 

6,853.5 

59,625.8 

405,124.6 

310.  71 

5.11'    ■ 

47. 826. 08 

17 

57, 078 

1,  522, 960 

32,069,355 

65.201 

12,  720.  29 

588. 899. 47 

72 

6. 343. 2 

52.  772. 3 

345, 498. 8 

317. 15 

4.  806. 13 

42.  709.  24 

18 

55, 351 

1, 465, 882 

30,  546, 395 

67.864 

12,  655.  09 

576, 179. 18 

73 

5, 841. 3 

46,429.1 

292.  726.  5 

322.  05 

4,488.98 

37.903.11 

19 

53,671 

1, 410,  531 

29, 080,  513 

70. 870 

12,  587. 23 

563.  524. 09 

74 

5, 349. 1 

40,  587.  8 

246,  297. 4 

325.09 

4, 166. 93 

33,  414. 13 

20 

52,037 

1.  356, 860 

27, 669, 982 

73. 107 

12,  516. 36 

550,936.86 

75 

4,868.2 

35, 238. 7 

205, 709. 6 

325.  57 

3, 841.  84 

29.  247.  20 

21 

50,448 

1, 304, 823 

26,  313, 122 

75.  674 

12, 443.  25 

538, 420.  50 

76 

4, 400. 9 

30,370.5 

17H.470.9 

323.37 

3,  516.  27 

25,  405. 36 

22 

48,903 

1,  254.  375 

25, 008, 299 

77.  017 

12, 367. 58 

525, 977.  25 

77 

3, 949. 3 

25,969.6 

140, 100. 4 

318.  24 

3. 192.  .90 

21.N59.09 

23 

17,402 

1, 205,  472 

23, 753, 924 

78.  217 

12.290.56 

513. 609.  67 

78 

3, 516. 0 

22,020.3 

114.130.8 

310.04 

2.  S74.  66 

18. 696. 19 

24 

45,943 

1, 158, 070 

22, 548, 452 

78.327 

12,  212. 34 

501, 319. 11 

79 

3, 103. 6 

18,504.3 

92, 110.  5 

298.94 

2.  564.  62 

15,821.53 

25 

44,526 

1.112,127 

21, 390, 382 

78.364 

12.134.02 

489, 106. 77 

80 

2.714.2 

15,400.7 

73,  606.  2 

285.12 

2,265.68 

13,256.91 

26 

43, 151 

1,067.601 

20,  278,  255 

78.783 

12,  055. 65 

476,972.75 

81 

2, 350. 1 

12,686.5 

58,  205.  5 

268.76 

1. 980.  56 

10.  991.  23 

27 

41,815 

1, 024.  450 

19,  210.  654 

79.  Ill 

11, 976. 87 

464,917.10 

82 

2, 012.  8 

10, 336.  4 

45.519.0 

250.35 

1,71!   - 

9.  010.  67 

-'- 

40,  518 

982, 635 

18. 186, 204 

79.  777 

11,897.76 

452, 940. 23 

-■• 

1,  703. 9 

8, 323. 6 

35. 182. 6 

230.04 

1.461.45 

'   .-.87 

29 

39,258 

942, 117 

17,  203,  569 

80.337 

11,817.98 

441.042.47 

84 

1,424.2 

6, 619.  7 

26, 859. 0 

208.34 

1,231.41 

5.  837.  42 

30 

38,035 

902,  859 

16,  261,  452 

81.  597 

11,737.65 

429, 224. 49 

85 

1,174.4 

5, 195.  5 

20, 239. 3 

185.82 

1.023.07 

4, 606. 01 

31 

36,845 

864,824 

15, 358,  593 

82.327 

11.6.56.05 

417.4S6.84 

SO 

954.37 

4.021.10 

15.043.76 

162.83 

-   '   .- 

3.582.94 

32 

35,690 

827,  979 

14.493,769 

82.946 

11.573.  72 

405, 830.  79 

87 

703.  74 

3. 066.  73 

11.022.00 

140.14 

674.  42 

2,  745.  69 

33 

34,567 

792,  289 

13, 665. 790 

84.556 

11.490.78 

394.  257.  07 

*S 

601.  35 

2,302.99 

"       '..93 

118.41 

.534.  28 

2.071.27 

34 

33,  476 

757,  722 

12, 873, 501 

86.003 

11.406.22 

382. 766. 29 

v. 

465.  43 

1.701.04 

5.  652.  94 

97.969 

4U   • 

1.. 530.  991 

35 

32, 415 

724.  246 

12.115.77'.! 

87.293 

11.320.22 

371.360.07 

90 

353.90 

1.236.21 

3.  951.  30 

79.  .500 

317  -   ' 

1,121.125 

36 

31,383 

691, 831 

11,391,533 

89. 105 

11.232.92 

360,  039. 85 

91 

264.10 

--- 

2,715.09 

03.  145 

238.397 

803.228 

37 

30,380 

660,448 

10, 699.  702 

91.063 

11,  143.82 

-   -JI6.93 

■- 

193.26 

018.  21 

1,832.78 

49. 019 

175.252 

561  831 

38 

29,404 

630.068 

10. 039, 254 

93. 147 

11,052.76 

337.  663.  1 1 

93 

138.61 

424.  95 

1,214.57 

i    JJJ 

126.233 

389.579 

39 

28.455 

600,664 

9,  409, 186 

95.646 

10, 959.  61 

326.  610.  35 

94 

97.295 

286.344 

789.622 

27.566 

..    .- 

263. 346 

40 

27,530 

572.209 

8, 808, 522 

98.217 

10.  863.  96 

315,650.74 

95 

66.895 

189.049 

503. 27S 

20.017 

61.389 

174.391 

41 

26,630 

544.  679 

8,  236, 313 

101.71 

10.  765.  75 

304.  786.  78 

96 

44.930 

122. 154 

314.229 

14.  123 

41.372 

113.002 

42 

25.  7.53 

518. 049 

7.  691.  634 

104.92 

10. 664. 04 

294.  021. 03 

97 

_-,    ;.„ 

77.  224 

192. 075 

9.7265 

27.  2485 

71.6298 

43 

24,898 

492,  296 

7.  173.  585 

108.95 

10,  559. 12 

283, 3.56.  99 

•» 

18.912 

47.  726 

114.851 

6.5331 

17.5220 

44. 3813 

44 

24,064 

467, 398 

6, 681, 289 

113.44 

10, 450. 17 

272.  797.  87 

99 

11.828 

28.814 

67.125 

4.2667 

10.9889 

26.8593 

45 

23.  249 

443, 334 

6, 213, 891 

118. 10 

10,336.73 

262, 347.  70 

100 

7.2170 

16.9864 

38.3106 

2.  7133 

0.7222 

15.  8704 

46 

22,454 

420,085 

5,  770,  557 

122.88 

10, 218. 63 

252,  010.  97 

H>1 

4.  2985 

9.7694 

21.  3242 

!■■■"« 

4.0089 

9.  1482 

47 

21,  677 

397.  631 

5, 350, 472 

127.  78 

10, 095. 75 

241,  792.  34 

'  12 

2.4876 

:    "" 

11.  ""-- 

1.0114 

2.3281 

5.  1393 

48 

20,918 

375.  954 

4.  952, 841 

132.98 

9, 967. 97 

231, 696.  59 

103 

1.4038 

. 

6.0789 

.  59175 

1. 31671 

2.81119 

49 

20,176 

355.  036 

4, 576, 887 

138.23 

9,834.99 

221, 728. 62 

104 

.77112 

1.58452 

3.09056 

.33658 

.72496 

1.49448 

50 

19,450 

334,860 

4,221,851 

143.  95 

9, 696.  76 

211.893.63 

. 41208 

.81340 

1.50604 

.18585 

.76952 

51 

18,  740 

315.410 

3, 886, 991 

149.  43 

9, 552. 81 

202. 196. 87 

106 

.  21422 

.  40132 

.69264 

.099634 

.202534 

.381144 

52 

18.044 

296.  670 

3, 571. 581 

155.73 

9.403.38 

192.644.06 

107 

.10835 

.  18710 

.29132 

. 051919 

.102900 

.178610 

53 

17.363 

278,  626 

3,274,911 

161.  93 

9, 247. 65 

183,240.68 

10S 

. 053275 

.078746 

.  104217 

.026252 

.050981 

.075710 

51 

16,  695 

261, 263 

2, 996,  285 

168.63 

9,  085.  72 

173,993.03 

109 

.025471 

.025471 

.  02.5471 

. 024729 

. 024729 

. 024729 

X:  =  D;  +  D, 
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Table  29. — United  States  White  Females:    1939-1941 — Commutation  Columns  at  Zx/i  Percent  Interest 


X 

Dx 

Nx 

& 

Cx 

Mx 

R, 

X 

D, 

N, 

s, 

c, 

K 

R, 

0 

100. 000 

2, 527, 377 

57, 226, 448 

3,  660.  9 

14,  533.  2 

592, 184. 4 

55 

12, 290 

178, 500 

1,941,011 

133.  86 

6,  253.  56 

112,862.73 

1 

92, 957 

2,  427,  377 

54, 699,  071 

387.  41 

10,  872.  35 

577,651.23 

56 

11,740 

166,  210 

1,762,511 

138.90 

6, 119.  70 

106,609.17 

2 

89,427 

2,  334,  420 

52,  271,  694 

190.  31 

10,  484.  94 

566,  778.  88 

57 

11,  204 

154. 470 

1,  596,  301 

144.00 

5, 980. 80 

100, 489. 47 

3 

86. 212 

2,  244,  993 

49,  937,  274 

134.  20 

10,  294.  63 

556, 293.  94 

58 

10.  682 

143,  266 

1,441,831 

149.  24 

5, 836. 80 

94,  508. 67 

4 

83, 163 

2, 158,  781 

47, 692, 281 

102.  72 

10, 160. 43 

545,  999.  31 

59 

10. 171 

132,  584 

1,  298,  565 

154.73 

5, 687.  56 

88, 671. 87 

5 

80,  248 

2, 075, 618 

45,  533,  500 

86.  231 

10,  057.  71 

535, 838. 88 

60 

9,  672.  4 

122,  413.  3 

1,165,981.5 

160.17 

5,  532. 83 

82, 984. 31 

6 

77,  448 

1, 995, 370 

43,  457,  882 

71.  525 

9, 971. 48 

525,  781. 17 

61 

9, 185. 1 

112,740.9 

1,043,568.2 

165.  77 

5,  372.  66 

77,451.48 

7 

74,  757 

1, 917,  922 

41,  462,  512 

60.  753 

9, 899.  95 

515,  809.  69 

62 

8, 708. 8 

103, 555. 8 

930, 827.  3 

171. 16 

5,  206.  89 

72,  078.  82 

8 

72,168 

1, 843, 165 

39,  544,  590 

54.  296 

9, 839. 20 

505,  909.  74 

63 

8,  243. 1 

94, 847.  0 

827,  271.  5 

176.  54 

5, 035.  73 

66, 871. 93 

9 

69,  674 

1,  770,  997 

37,701,425 

48.  206 

9,  784.  90 

496,  070.  54 

64 

7, 787. 8 

86, 603. 9 

732, 424.  5 

182. 01 

4,  859.  19 

61, 836.  20 

10 

67,  269 

1,701,323 

35,  930,  428 

45.  206 

9,  736. 70 

486,  285.  64 

65 

7, 342.  4 

78,816.1 

645, 820.  6 

187.  52 

4,  677. 18 

56, 977. 01 

11 

64,  949 

1,  634, 054 

34,  229, 105 

43.  678 

9, 691. 49 

476,  548.  94 

66 

6,  906.  6 

71,473.7 

567,  004.  5 

193. 05 

4, 489.  66 

52,  299. 83 

12 

62,  709 

1,  569, 105 

32,  595, 051 

44.  119 

9, 647. 81 

466, 857.  45 

67 

6,  480.  0 

64,  567. 1 

495,  530.  8 

198.  67 

4, 296.  61 

47,810.17 

13 

60,545 

1,  506,  396 

31,  025,  946 

45.  098 

9,  603.  69 

457, 209.  64 

68 

6,  062.  2 

58, 087. 1 

430,  963.  7 

204.  34 

4, 097.  94 

43, 513.  56 

14 

58,452 

1,  445,  851 

29,  519,  550 

48.  945 

9,  558.  59 

447,  605.  95 

69 

5,  652.  9 

52,  024.  9 

372, 876. 6 

209. 85 

3, 893. 60 

39, 415. 62 

15 

56,  426 

1,387,399 

28, 073,  699 

52.  480 

9,  509.  65 

438,  047.  36 

70 

5,  251.  9 

46, 372.  0 

320,851.7 

214. 75 

3, 683. 75 

35,  522. 02 

16 

54,  466 

1, 330,  973 

26, 686, 300 

56.  278 

9,  457. 17 

428,  537.  71 

71 

4,  859.  5 

41, 120. 1 

274,  479.  7 

219.  25 

3, 469. 00 

31, 838.  27 

17 

52,  568 

1,  276, 507 

25,  355,  327 

59.758 

9, 400.  89 

419,  080.  54 

72 

4,  475.  9 

36,  260. 6 

233,  359.  6 

222.  71 

3, 2-19.  75 

28,  369.  27 

18 

50,  730 

1, 223, 939 

24,  078, 820 

61.  899 

9, 341. 13 

409,  679.  65 

73 

4, 101.  9 

31,784.7 

197,  099.  0 

225.  06 

3,  027.  04 

25,119.52 

19 

48,  953 

1, 173,  209 

22, 854, 881 

64.  328 

9. 279. 23 

400, 338.  52 

74 

3, 738. 1 

27, 682. 8 

165, 314. 3 

226.  09 

2, 801. 98 

22, 092. 48 

20 

47,  233 

1,124,256 

21,681,672 

66.  038 

9,  214. 91 

391, 059. 29 

75 

3,  385.  6 

23, 944.  7 

137, 631.  5 

225.  32 

2,  575. 89 

19,  290.  50 

21 

45,  570 

1,  077,  023 

20,  557, 416 

68.027 

9, 148. 87 

381,  844.  38 

76 

3, 045. 8 

20,  559. 1 

113,686.8 

222.  72 

2,  350.  57 

16,714.61 

22 

43,  961 

1,031,453 

19,  480,  393 

68.899 

9, 080. 84 

372,  695.  51 

77 

2,  720. 1 

17,513.3 

93, 127. 7 

218. 13 

2, 127.  85 

14,  364.  04 

23 

42,  405 

987,  492 

18, 448,  940 

69. 635 

9,011.94 

363,  614.  67 

78 

2,  410.  0 

14, 793. 2 

75, 614. 4 

211.48 

1, 909. 72 

12, 236. 19 

24 

40,  902 

945,  087 

17, 461,  448 

69.  396 

8,  942.  31 

354,  602.  73 

79 

2,117.0 

12,  383. 2 

60, 821.  2 

202.  93 

1, 698. 24 

10, 326. 47 

25 

39,  449 

904, 185 

16,516,361 

69.  094 

8, 872. 91 

345, 660.  42 

80 

1, 842.  5 

10, 266.  2 

48, 438. 0 

192.  61 

1, 495.  31 

8, 628. 23 

26 

38,  046 

864,  736 

15,612,176 

69. 127 

8, 803. 82 

336, 787.  51 

81 

1,  587.  5 

8, 423.  7 

38, 171. 8 

180.68 

1, 302.  70 

7, 132. 92 

27 

36,690 

826,  690 

14,  747,  440 

69. 079 

8, 734.  69 

327,  983.  69 

82 

1, 353.  2 

6, 836. 2 

29, 748. 1 

167. 49 

1, 122.  02 

5, 830. 22 

28 

35,  381 

790,  000 

13,  920,  750 

69.  325 

8, 665. 61 

319,  249.  00 

83 

1,139.9 

5, 483. 0 

22,911.9 

153. 16 

954.53 

4, 708. 20 

29 

34. 115 

754,  619 

13, 130,  750 

69.  474 

8, 596. 29 

310,  583.  39 

84 

948.  23 

4, 343.  05 

17, 428. 88 

138. 04 

801. 37 

3, 753. 67 

30 

32,  892 

720,  504 

12, 376, 131 

70.  223 

8,  526. 81 

301, 987. 10 

85 

778.12 

3, 394.  82 

13, 085. 83 

122.  53 

663.  33 

2, 952. 30 

31 

31,  709 

687,612 

11,  655,  627 

70.  509 

8, 456.  59 

293,  460.  29 

86 

629.  29 

2, 616. 70 

9,  691. 01 

106. 85 

540.80 

2, 288. 97 

32 

30,  566 

655,  903 

10,968,015 

70.  695 

8, 386.  08 

285, 003.  70 

87 

501. 16 

1,987.41 

7, 074.  31 

91.  513 

433.  948 

1, 748. 166 

33 

29,  462 

625,  337 

10,312,112 

71.  720 

8, 315.  39 

276,  617.  62 

88 

392.  70 

1, 486. 25 

5, 086. 90 

76.950 

342.  435 

1, 314. 218 

34 

28,394 

595, 875 

9, 686,  775 

72.  594 

8, 243. 67 

268, 302.  23 

89 

302.  47 

1, 093.  55 

3, 600. 65 

63.  359 

265.  485 

971. 783 

35 

27, 361 

567,  481 

9, 090, 900 

73.328 

8,171.07 

260,  058.  56 

90 

228.88 

791. 08 

2,  507. 10 

61.166 

202. 126 

706. 298 

36 

26, 363 

540, 120 

8,  523,  419 

74.  488 

8, 097.  74 

251,887.49 

91 

169.  97 

562.20 

1, 716. 02 

40.  444 

150. 960 

504. 172 

37 

25, 397 

513,  757 

7, 983, 299 

75. 757 

8, 023.  26 

243, 789.  75 

92 

123.  78 

392. 23 

1,153.82 

31.  245 

110.  516 

353.  212 

38 

24, 462 

488,360 

7, 469,  542 

77.117 

7,  947.  50 

235,  766.  49 

93 

88.350 

268.  452 

761.  590 

23.646 

79. 271 

242.696 

39 

23,558 

463, 898 

6,981,182 

78.  803 

7, 870.  38 

227, 818.  99 

94 

61.716 

180. 102 

493. 138 

17.401 

55. 625 

163. 425 

40 

22, 682 

440, 340 

6,  517, 284 

80.  530 

7,791.58 

219,948.61 

95 

42.228 

118.386 

313. 036 

12. 575 

38.224 

107. 800 

41 

21,835 

417, 658 

6, 076, 944 

82.  994 

7,711.05 

212,157.03 

96 

28.225 

76. 158 

194.  650 

8. 8295 

25.  6495 

69. 5756 

42 

21,013 

395, 823 

5, 659, 286 

85. 199 

7,  628.  05 

204,  445.  98 

97 

18.441 

47. 933 

118.492 

6. 0513 

16.  8200 

43.  9261 

43 

20, 218 

374, 810 

5, 263, 463 

88.041 

7,  542.  86 

196,  817.  93 

98 

11.766 

29. 492 

70.  559 

4.0449 

10. 7687 

27. 1061 

44 

19,446 

354,  592 

4, 888, 653 

91.  231 

7,  454.  81 

189, 275.  07 

99 

7. 3233 

17.  7262 

41. 0670 

2. 6289 

6.7238 

16. 3374 

45 

18,  697 

335, 146 

4,  534, 061 

94.  515 

7,  363.  58 

181, 820.  26 

100 

4.4467 

10. 4029 

23.  3408 

1.  6637 

4. 0949 

9.  6136 

46 

17, 970 

316, 449 

4, 198, 915 

97.  870 

7,  269.  07 

174,  456.  68 

101 

2.  6326 

5. 9562 

12. 9379 

1. 0256 

2.  4312 

5.  5187 

47 

17, 265 

298, 479 

3,  882,  466 

101.  27 

7, 171.  20 

167, 187.  61 

102 

1.  5180 

3.  3236 

6. 9817 

. 61418 

1.  40558 

3.  08754 

48 

16,580 

281,214 

3,  583, 987 

104.  89 

7. 069.  93 

160,  016.  41 

103 

.85245 

1.  80564 

3.  65812 

.35761 

.  79140 

1.68196 

49 

15,914 

264, 634 

3, 302,  773 

108.  51 

6, 965.  04 

152,  946.  48 

104 

. 46601 

.  95319 

1.85248 

. 20243 

.  43379 

. 89056 

50 

15, 267 

248,  720 

3, 038, 139 

112.  45 

6,  856.  53 

145,981.44 

105 

. 24783 

.  48718 

.  89929 

. 11124 

.23136 

. 45677 

51 

14, 639 

233,  453 

2,789,419 

116.  17 

6, 744. 08 

139, 124.  91 

106 

.12821 

.23935 

.41211 

. 059344 

.  120120 

. 225414 

52 

14, 027 

218, 814 

2, 555, 966 

120.  48 

6, 627.  91 

132,  380.  83 

107 

. 064535 

. 111137 

. 172763 

. 030774 

.  060776 

.105294 

53 

13, 433 

204,  787 

2, 337, 152 

124.  67 

6,  507.  43 

125,752.92 

108 

.031578 

.  046602 

. 061626 

.  015486 

.  030002 

. 044518 

54 

12,  854 

191, 354 

2, 132, 365 

129.  20 

6, 3S2.  76 

119,  245.  49 

109 

.015024 

.015024 

. 015024 

. 014516 

. 014516 

.014516 
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UNITED  STATES  LIFE  TABLES  AND  ACTUARIAL  TABLES 


Table  30- 

-United  States  White  Females:  1939-1941 — Commutation  C 

OLUMN'S  AT  4  PeBCENI 

IXTERESl 

1 

D, 

k. 

S* 

C, 

M, 

R, 

X 

D, 

N« 

& 

C, 

M, 

P., 

0 

100, 000 

2,  285,  754 

48, 189,  353 

3, 643.  3 

12,086.5 

432,318.5 

55 

9.428.2 

130, 668. 6 

1,382,001.3 

102.20 

4,402.53 

77.514.99 

1 

92,511 

2, 185,  754 

45, 903,  599 

383.69 

8, 443. 15 

420,231.99 

56 

8,963.4 

121,240.4 

1,251,332.7 

105.54 

4,300.33 

73.112.46 

2 

88,  569 

2, 093,  243 

43,  717,  845 

187.58 

8, 059.  46 

411,788.84 

57 

8,  513. 1 

112.277.0 

1,130.092.3 

108.88 

4, 194.  79 

68.812.13 

3 

84, 975 

2. 004,  674 

41,  624,  602 

131.64 

7, 871. 88 

403,  729.  38 

58 

8,076.8 

103,  763.  9 

1,017.815.3 

112.31 

4, 085. 91 

64,617.34 

4 

81,  575 

1,919,699 

39,  619, 928 

100.28 

7, 740. 24 

395, 857. 50 

59 

7, 653. 9 

95, 687. 1 

914.051.4 

115.88 

3, 973. 60 

60,  531.  43 

5 

78,  337 

1,  838, 124 

37,  700, 229 

83.773 

7, 639.  96 

388, 117. 26 

60 

7.  243.  6 

88, 033.  2 

818.364.3 

119.37 

3, 857.  72 

56.  557.  83 

6 

75,240 

1,  759,  787 

35, 862, 105 

69. 153 

7,  556. 19 

380,  477.  30 

61    6.845.6 

80,  789.  C 

730, 331. 1 

122.96 

3,738.35 

52.700.11 

7 

72,  277 

1,684,547 

34, 102,  318 

58.455 

7,  487. 04 

372,921.11 

62 

6,  459.  4 

73.  944. 0 

649, 541.  5 

126.34 

3, 615. 39 

48,961.76 

8 

69,  439 

1,  612,  270 

32,  417,  771 

51.991 

7,  428.  58 

365,  434.  07 

63 

6.084.6 

67,484.6 

575.  597. 5 

129.69 

3.  489. 05 

45.  346.  37 

9 

66,  716 

1,542,831 

30, 805, 501 

45.  938 

7, 376.  59 

358, 005. 49 

'4 

5,  720.  9 

61,400.0 

508,112.9 

133.06 

3, 359.  36 

41.857  32 

10 

64,  104 

1,476,115 

29, 262, 670 

42. 872 

7, 330.  65 

350, 628. 90 

65 

5, 367.  8 

55,  679. 1 

44i,.  712.9 

136.43 

3,226.30 

38, 497.  96 

11 

61,  596 

1,412,011 

27,  786,  555 

41.223 

7,  287. 78 

343,  298. 25 

in. 

5,  024.  9 

50,311.3 

391.033.8 

139.  78 

3,089.87 

35.  271.  66 

12 

59, 186 

1,350,415 

26,  374,  544 

41.440 

7,  246.  56 

336,  010.  47 

67 

4,691.9 

45,  286.  4 

340.  722.  5 

143.16 

2,950.09 

32,181  78 

13 

56,868 

1,291,229 

25,024,129 

42. 156 

7, 205. 12 

328, 763. 91 

68 

4,368.3 

40.  594.  5 

295,  436. 1 

146.53 

2, 806. 93 

29,231.7(1 

14 

54, 638 

1,234,361 

23, 732, 900 

45.532 

7,  162.  96 

321, 558. 79 

69 

4,053.7 

36,  226. 2 

254,841.6 

149. 76 

2.660.  40 

26,  424.  77 

15 

52,  491 

1,179,723 

22, 498,  539 

48.586 

7,117.43 

314, 395. 83 

70 

3, 748. 0 

32, 172.  5 

218, 615.  4 

152.52 

2, 510. 64 

23,  764.  37 

16 

50,  424 

1,  127,  232 

21,318,816 

51.851 

7,  068. 84 

307,  278. 40 

71 

3,  451.  4 

28,424.5 

186,  442.  9 

154.97 

2,358.12 

21,253.73 

17 

48. 433 

1,076,808 

20, 191,  584 

54.793 

7,  016.  99 

300,  209.  56 

72 

3, 163. 6 

24. 973. 1 

158.018.4 

156.66 

2.203.15 

18, 895. 61 

18 

46,515 

1,028,375 

19,114,776 

56.482 

6, 962. 20 

293, 192.  57 

73 

2,885.3 

21, 809.  5 

133, 045.  3 

157.55 

2. 046.  49 

16. 692.  46 

19 

44,670 

981,  860 

18, 086, 401 

58.418 

6,905.72 

286, 230.  37 

74 

2, 616. 8 

18, 924. 2 

111,235.8 

157. 51 

1,888.94 

14,645.97 

20 

42,  893 

937, 190 

17, 104,  541 

59.681 

6, 847. 30 

279, 324. 65 

75 

2, 358. 6 

16, 307.  4 

92,311.6 

156.22 

1.731.43 

12, 757. 03 

21 

41,  184 

894, 297 

16, 167, 351 

61.183 

6, 787. 62 

272,  477.  35 

76 

2,111.7 

13,948.8 

76,004.2 

153.68 

1.  575.  21 

11,025.60 

22 

39, 538 

853,113 

15, 273, 054 

61.670 

6,  726.  44 

265, 689. 73 

77 

1, 876. 8 

11,837.1 

62, 055. 4 

149.  78 

1,421.53 

9, 450. 39 

23 

37, 956 

813, 575 

14,419,941 

62.029 

6, 664.  77 

258,963.29 

.78 

1,654.8 

9,960.3 

50, 218. 3 

144.52 

1.271.75 

8,028.86 

24 

36, 434 

775, 619 

13, 606, 366 

61.519 

6, 602. 74 

252,  298. 52 

79 

1, 446. 7 

8, 305. 5 

40,258.0 

138.01 

1,127.23 

6,757.11 

25 

34, 971 

739, 185 

12, 830, 747 

60.956 

6, 541. 22 

245, 695. 78 

80 

1,253.0 

6,858.8 

31.952.5 

130.36 

989.22 

5, 629. 38 

26 

33,  565 

704, 214 

12,091,562 

60.693 

6,480.26 

239, 154. 56 

81 

1, 074. 5 

5, 605. 8 

25,093.7 

121.  70 

4,640.66 

27 

32,  214 

670,  649 

11,387,348 

60.359 

6, 419. 57 

232,  674.  30 

82 

911.45 

4,531.33 

19, 487. 89 

112.27 

737.16 

3.781.80 

28 

30, 914 

638, 435 

10,  716, 699 

60.282 

6, 359. 21 

226, 254. 73 

83 

764.12 

3.619.88 

14,956.56 

102. 17 

624.89 

3.044.64 

29 

29,665 

607,  521 

10,  078, 264 

60.122 

6, 298.  93 

219, 895. 52 

84 

632.56 

2, 855. 76 

11, 336.  68 

91.643 

522.725 

2. 419.  748 

30 

28,  464 

577, 856 

9, 470, 743 

60.478 

6, 238. 81 

213,  596.  59 

85 

516. 59 

2,223.20 

8,480.92 

80.952 

431. 082 

1.897.023 

31 

27, 309 

549, 392 

8,892,887 

60.432 

6,178.33 

207, 357.  78 

86 

415. 77 

1,706.61 

6, 257.  72 

70.256 

350.130 

1, 465. 941 

32 

26, 198 

522, 083 

8, 343, 495 

60.301 

6,117.90 

201, 179. 45 

87 

329.52 

1,290.84 

4,551.11 

59.882 

279. 874 

1,115.811 

33 

25, 130 

495,  885 

7,821,412 

60.881 

6, 057. 59 

195,  061.  55 

88 

256.96 

961.32 

3,260.27 

50.111 

219. 992 

835.937 

34 

24, 103 

470, 755 

7, 325, 527 

61. 327 

5, 996. 71 

189,003.96 

89 

196.97 

704.36 

2, 298. 95 

41.062 

169.881 

615. 945 

35 

23, 114 

446, 652 

6, 854,  772 

61.648 

5, 935. 39 

183, 007.  25 

90 

148.33 

507.39 

1,594.59 

33.001 

128.819 

446.064 

36 

22, 164 

423,538 

6, 408, 120 

62.323 

5, 873. 74 

177, 071. 86 

91 

109.63 

359.06 

1,087.20 

25.960 

95. 818 

317.  245 

37 

21,  249 

401,  374 

.  5, 984,  582 

63.080 

5, 811. 42 

171, 198. 12 

92 

79. 451 

249. 431 

728.138 

19.959 

69.858 

221.427 

38 

20,  369 

380, 125 

5, 583,  208 

63.903 

5, 748. 34 

165, 386.  70 

93 

56.436 

169.980 

478. 707 

15.032 

49.89y 

151.569 

39 

19,  521 

359, 756 

5,  203, 083 

64.986 

5,684.43 

159, 638. 36 

94 

39.234 

113.544 

308.727 

11.009 

34.867 

101.670 

40 

18,  705 

340,235 

4, 843, 327 

66.092 

5, 619. 45 

153, 953. 93 

95 

26.716 

74.310 

195. 183 

7. 9172 

23. 8576 

66.8030 

41 

17,920 

321,  530 

4, 503, 092 

67.  786 

5,  553.  35 

148,334.48 

96 

17.771 

47.594 

120. 873 

5.5325 

15.9404 

42.9454 

42 

17, 163 

303, 610 

4, 181, 562 

69.253 

5, 485. 57 

142,  781. 13 

97 

11.555 

29.823 

73.279 

3.7734 

10.  4079 

27.0050 

43 

16,  433 

286,447 

3, 877,  952 

71.219 

5, 416. 32 

137,295.56 

98 

7.3370 

18.2683 

43. 4557 

2.5102 

6.6345 

16.  5971 

44 

15, 730 

270, 014 

3, 591, 505 

73.444 

5, 345. 10 

131,879.24 

99 

4.5447 

10. 9313 

25. 1874 

1.6236 

4.1243 

9.9626 

45 

15, 052 

254,284 

3, 321, 491 

75.722 

5,  271. 65 

126, 534. 14 

100 

2.7463 

6.3866 

14.2561 

1.0226 

2.5007 

5.8383 

46 

14,  397 

239,  232 

3,  067,  207 

78. 033 

5, 195. 93 

121, 262. 49 

101 

1. 6181 

3.6403 

7.869S 

.62736 

1.  47807 

3.33764 

47 

13,  765 

224,835 

2, 827, 975 

80.359 

5,117.90 

116,066.56 

102 

.92849 

2.02223 

4.22915 

.37387 

.85071 

1. 85957 

48 

13, 156 

211, 070 

2, 603, 140 

82.829 

5, 037.  54 

110,948.66 

103 

. 51891 

1. 09374 

2.20692 

.21664 

.47684 

1.00886 

49 

12,  567 

197, 914 

2, 392, 070 

85.272 

4, 954.  71 

105,911.12 

104 

.28231 

.57483 

1. 11318 

.12204 

.26020 

.53202 

50 

11,998 

185, 347 

2, 194, 156 

87. 945 

4, 869. 44 

100, 956. 41 

105 

.14941 

.29252     j 

.53835 

.066740 

. 138162 

.  271817 

51 

11,449 

173, 349 

2, 008, 809 

90.417 

4,  781.  49 

96,086.97  |il06  1 

.076927  ! 

.143111 

.245830 

.035434 

.671422 

.133655 

52 

10,  918 

161, 900 

1, 835, 460 

93. 319 

4. 691. 08 

91,305.48 

107 

.038534  j 

.066184 

.102719 

. 018287 

.035988 

.062233 

53 

10,405 

150, 982 

1, 673,  560 

96. 105 

4,  597.  76 

86,614.40 

108 

.018765 

.027650  [ 

.036535 

.  0091578 

. 0177012 

.0262446 

54 

9, 908.  4 

140, 577. 0 

1,  522,  578.  3 

99.117 

4,  501.  65 

82,016.64  ! 

109 

.0088851 

.0088851 

.0088851! 

.0085434 

.0085434 

.0085434 
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Table  31. — United  States  White  Females:  1939-1941 — Immediate  Whole  Life  Annuity,  Single  and  Annual  Net  Premiums 

at  2  Percent  Interest 

[Present  value  at  each  age  of  a  life  annunity  of  one  per  annum,  first  payment  to  be  made  at  the  end  of  1  year;  present  value  of  a  whole  life  assurance  of  one  unit,  and  the 

annual  payment  of  an  equivalent  whole  life  annuity-due] 


AGE 

IMMEDIATE 
LITE  ANNUITY 

SINGLE 
PREMIUM 

ANNUAL 
PREMIUM 

AGE 

IMMEDIATE 
LIFE  ANNUITY 

SINGLE 
PREMIUM 

ANNUAL 
PREMIUM 

X 

Ox 

Ax 

P* 

X 

a, 

Ax 

P, 

0                    

35.  0567 
36. 1659 
36. 0492 
35.8513 
35.  6276 

35.  3866 
35. 1342 
34. 8712 
34.  5987 
34. 3180 

34.  0296 
33.  7346 
33. 4331 
33. 1264 
32. 8152 

32.  5006 
32. 1822 
31. 8610 
31.  5366 
31.  2083 

30.  8754 
30.  5386 
30. 1976 
29. 8517 
29.  5005 

29.1438 
28.  7805 
28.4115 
28.  0363 
27.  6552 

27.  2678 
26. 8749 
26.  4756 
26.  0695 
25.  6580 

25.  2409 
24.  8171 
24.  3876 
23. 9526 
23. 5119 

23. 0651 
22.  6132 
22. 1564 
21.  6952 
21. 2293 

20.  7591 
20. 2861 
19.  8091 
19. 3285 
18. 8452 

18. 3586 
17. 8697 
17. 3777 
16.8844 
16.  3890 

0.  29301 
.  27125 
.  27355 
. 27742 
.28182 

.28654 
.29148 
.29664 
. 30199 
.  30748 

.31314 
. 31894 
. 32484 
. 33085 
. 33696 

. 34313 
. 34936 
. 35566 
.36202 
.36847 

.  37498 
.  38159 
.38828 
. 39506 
.40195 

.  40895 
. 41607 
.42331 
.43066 
. 43814 

.44573 
.45344 
.  46127 
.46922 
.47728 

.48547 
. 49377 
. 50219 
.  51073 
.  51938 

.52813 
.  53699 
.54594 
. 55500 
.56414 

. 57334 
.  58263 
.  59199 
.  60140 
.  61089 

.62042 
. 63001 
. 63964 
.64932 
.  65903 

0. 00813 
.  00730 
.00738 
. 00753 
. 00769 

.  00787 
.  00807 
. 00827 
.  00848 
.  00871 

.  00894 
.  00918 
. 00943 
.  00969 
. 00996 

.01024 
.01053 
. 01082 
.01113 
.01144 

.01176 
. 01210 
. 01245 
.01281 
. 01318 

. 01357 
. 01397 
. 01439 
.01483 
.01529 

.  01577 
. 01627 
.  01679 
.  01733 
.01790 

. 01850 
.01913 
. 01978 
.02047 
.02119 

. 02195 
.  02274 
.02358 
.02445 
. 02538 

.  02635 
.  02737 
.  02845 
.02958 
. 03078 

. 03205 
. 03339 
. 03481 
.  03631 
.  03790 

55 

56 

57 _. 

58... 

59 

60 

61 

62 

63 ..' 

64 

65 

66 

67 

68 

15.  8926 
15. 3952 
14. 8981 
14.  4011 
13.9043 

13. 4096 
12.9159 
12.  4252 
11.9366 
11.4514 

10.  9701 
10.  4930 
10.  0222 
9.  5576 
9. 1010 

8.6542 
8.  2170 
7.  7920 
7.  3796 
6. 9801 

6.  5954 
6.2248 
5.  8692 
5.5285 
5.2023 

4. 8908 
4.  5939 
4.3114 
4.0437 
3. 7909 

3.  5526 
3.3293 
3. 1199 
2.9239 
2.7408 

2.  5697 
2.  4101 
2.  2615 
2. 1226 
1.  9945 

1.8728 
1. 7612 
1. 6566 
1.5588 
1. 4682 

1.3829 

0.  66876 
.  67851 
.68828 
. 69803 
. 70775 

.  71748 

.72713 
.  73677 
.  74632 
.75584 

.76529 
. 77462 
.78389 
. 79300 
. 80194 

. 81073 
.81926 
.82760 
. 83572 
.  84352 

.  85109 
.85833 
. 86531 
.87199 
.87838 

.88449 
.  89032 
. 89586 
.90109 
.90607 

.  91073 
.91512 
.  91922 
.92308 
.92661 

. 93001 
.  93315 
.93604 
.93879 
.94129 

.94368 
.94585 
.  94792 
.94984 
.95163 

.95328 

0.  03959 

1                  .  _ 

.04138 

2 

.04329 

3                 . --  - 

. 04532 

4              ...  -• - 

. 04749 

5                _  

. 04979 

6                  

. 05225 

7               

.05488 

8                  

.  05769 

9.           

.06070 

10                 

.  06393 

11              

.06740 

12                

.07112 

13 

.07511 

14             

69 

70 

.  07939 

15 

.  08398 

16                  

71 

72 

73 

74.. _. _. 

.08889 

17           

. 09413 

18                

. 09973 

19 

.  10570 

20 

75 

.11205 

21 

76 

.11880 

22 

77                     

.12597 

23 

78 - 

. 13357 

24 

79 

. 14162 

25 

80 

. 15015 

26 

81 

.  15916 

27               

82 

83__ 

84 . 

.16867 

28_.   

. 17866 

29 

.  18912 

30 

85 

.20005 

31 

86 

.21138 

32..           

87 

88 _■ 

.22312 

33 

.23525 

34 

89 

.24770 

35 

90 

.26053 

36 

91 

.27364 

37 

92 . 

93 

94 

.28699 

38.                     

.30064 

39 

. 31434 

40 

95  " 

.32849 

41 

96      .„-. 

.34255 

42 

97 

.  35681 

43 

98..  : 

.  37121 

44 

99          

.38556 

45 

100 

.40005 

46  . 

47 

48..      . 

49  . 

60 

51 

52.. 

53___ 

54. 
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Table  32. — United  States  White  Females:   1939-1941 — Immediate  Whole  Life  Annuity,  Single  and  Annual  Net  Premiums 

at  2}i  Percent  Interest 

[Present  value  at  each  age  of  a  life  annuity  of  one  per  annum,  first  payment  to  be  made  at  the  end  of  1  year;  present  value  of  a  whole  life  assurance  of  one  unit,  and  the 

annual  payment  of  an  equivalent  whole  life  annuity-due] 


immediate 
lite  annuity 


0- 

1-. 

2- 
3- 
4.. 

5__ 

6- 
7.. 
8~ 
0.. 

10. 
11. 
12. 
13. 
14. 

15. 
16. 
17. 
18. 
19. 

20. 
21. 
22. 
23. 

24. 

25. 
26. 
27. 
28. 
29. 

30. 

31. 
32. 
33. 
34. 

35. 
36. 
37. 
38. 
39. 

40 
41 

42 
43 
44 

45 
46 

47 
4S 
49 

50 
51 

52 
53 
54 


SINGLE 
PREMIUM 


A. 


30. 7158 

0.22644 

31.7237 

.20187 

31.  6575 

.20348 

31.5206 

.20682 

31.  3606 

.21071 

31.1860 

.21498 

31.  0012 

.21949 

30.8067 

.22423 

30.6034 

.22919 

30.  3927 

.23432 

30.  1750 

.23963 

29.9507 

. 24510 

29.7210 

.25071 

29.  4864 

.25643 

29.2469 

.26228 

29.0041 

.26820 

28. 7577 

.27420 

28.5082 

.28029 

28.2552 

.28646 

27. 9981 

.29272 

27.  7372 

.29909 

27.4719 

.30556 

27.2022 

. 31214 

26.  9277 

.31884 

26.  6479 

.32566 

26. 3623 

.33263 

26.  0702 

.33975 

25.  7721 

.34701 

25.4682 

.35443 

25. 1583 

.36200 

24.  8413 

. 36972 

24.5185 

. 37759 

24. 1900 

.38562 

23.8539 

. 39380 

23.5121 

.40214 

23.1637 

.41063 

22.8092 

.  41930 

22.4475 

.42810 

22. 0801 

.  43707 

21.  7066 

.44619 

21.3264 

.45546 

20.9404 

.46488 

20. 5482 

.47443 

20. 1507 

.48412 

19. 7483 

.  49395 

19.3406 

.50389 

18. 9287 

.  51395 

18. 5115 

.  52411 

18.0902 

.53438 

17.6645 

.54476 

17.2348 

.55524 

16.8017 

.56582 

16.3642 

.57648 

15. 9235 

.58721 

15.4801 

.59804 

ANNUAL 
PREMIUM 


0.  00714 
.00617 
.00623 
.00636 
.00651 

.00668 
.00686 
.00705 
.00725 
.00746 

.00769 
.00792 
.00816 
.00841 
.00867 

.00894 
.00921 
.00950 
.00979 
.01009 

.01041 

.01073 
.01107 
.01142 
.01178 

.01216 
.01255 
.01296 
.01339 
.01384 

.01431 

.01480 
.01531 
.01584 
.01641 

.01699 
. 01761 
.  01826 
. 01894 
.01965 

.02040 
.02119 
.02202 
.02289 
.02381 

.02477 
. 02579 
.02686 
.02799 
.02919 

. 03045 
. 03178 
.03320 
.03470 
.03629 


AGE 

■ 
IMMEDIATE              SINGLE                  ANNUAL 

L17E   ANNUITY       PREMIUM               PP.EMIUM 

1 

0*                            A,                            P, 

55 

15.0339 
14.5856 
14. 1357 
13.  6843 
13.  2321 

12.7800 
12.  3279 
11.8768 
11.4263 

10.  9772 

10.5308 
10. 0867 
9.6472 
9.  2129 
8.7843 

8.3632 
7.9515 
7.5496 
7.1584 
6.7791 

a  4126 
6. 0592 
5.7192 
5.3928 
5.0798 

4.7802 
4.4942 
4.2217 
3.9630 
3.  7181 

3.4873 
3.2704 
3.0668 
2.8760 
2.6979 

2.5308 
2.3751 
2.2298 
2.0939 
1.9685 

1.8491 
1.  7398 
1.6371 
1.5411 
1.4520 

1.3681 

0.60892 
.61987 
.63085 
.64185 
.65287 

.66390 
.67493 

.  68595 
.69692 

. 70785 

.  71876 
.  72956 
.74030 
.7.5094 
.76136 

.  77159 
.  78167 
. 79148 
.80101 
.81027 

.81920 
.82783 
.  8301 1 
.84408 
.85171 

.85901 
.86599 

. 87265 
.  87896 
.88492 

.89057 
.89586 
.90081 
.90546 
.90981 

.91388 
.  91769 
.92122 
.92454 
.92757 

.93051 
.93318 
.9.1568 
.93803 
.94018 

.94220 

d  03798 

56 

(i:;'j77 

57. 

.141'* 

58 

.04371 

59 ..     .. 

.04587 

60 _.__ 

.04818 

61 

. 09064 

62 

.  0.5327 

63- 

.  05608 

64 

.05910 

65 

. 06233 

66. 

.06580 

67 

.06953 

68 

. 07353 

69 

.07781 

70 _.     .. 

.08241 

71 

.08732 

72... 

.09258 

73 

.09818 

74 

.10416 

75 

.11051 

76 

.11727 

77.. .       _.     . 

.12444 

78 

.13204 

79 _     .                .     

.14009 

80 

.14861 

81— _ 

.  15762 

82 

. 16712 

83 

.  17710 

84... _ 

.  18756 

85 

.19847 

86- 

.20978 

87 

.22150 

88 

.23361 

89 

.24603 

90 

.25883 

91 

.27190 

92.. ...             

.28522 

93 

.29883 

94 ._ 

. 31248 

95 

.32659 

96 

.34060 

97 

.35481 

98—                       

.36915 

99 

.38344 

100 

.39787 
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Table  33. — United  States  White  Females:  1939-1941 — Immediate  Whole   Life  Annuity,  Single  and  Annual  Net  Premiums 

at  3  Percent  Interest 


[Present  value  at  each  age  of  a  life  annuity  of  one  per  annum,  first  payment  to  be  made  at  the  end  of  1  year;  present  value  of  a  whole  life  assurance  of  one  unit,  and  the  annual 

payment  of  an  equivalent  whole  life  annuity-due] 


10. 
11. 
12. 
13. 
14. 

15. 
16.. 
17.. 
18.. 
19_. 


20_. 
21. 
22. 
23_. 
24.. 

25. 
26. 

27. 
28_. 
29.. 

30.. 
31_. 
32_. 
33- 
34.. 


35. 
36. 
37.. 
38_. 
39.. 

40.. 
41_. 
42_. 
43-. 
44.. 

45_. 
46.. 
47_. 
48.. 
49.. 


50. 
51. 
52. 
53.. 
54.. 


IMMEDIATE 
LIFE  ANNUITY 


SINGLE 
PREMIUM 


A, 


27. 1814 

0. 17918 

28.  0993 

.15244 

28. 0677 

. 15336 

27. 9736 

. 15611 

27. 8594 

.  15944 

27.  7320 

.16315 

27.  5956 

. 16712 

27. 4506 

. 17134 

27. 2980 

.  17579 

27. 1390 

.  18042 

26. 9731 

.  18525 

26. 8015 

.  19024 

26. 6250 

.  19539 

26. 4434 

.  20067 

26. 2580 

.20608 

26. 0690 

.  21158 

25. 8769 

.  21717 

25. 6821 

.  22286 

25. 4834 

.  22863 

25. 2811 

.23453 

25. 0749 

. 24053 

24.8647 

. 24665 

24. 6503 

.  25290 

24. 4308 

.25928 

24. 2067 

. 26582 

23. 9770 

.  27252 

23.  7410 

.  27938 

23. 4996 

.28643 

23. 2518 

.29364 

22. 9981 

. 30103 

22. 7376 

.  30860 

22. 4720 

.31635 

22. 1992 

. 32428 

21. 9204 

. 33242 

21. 6348 

.  34073 

21.  3429 

.34923 

21.  0448 

.  35793 

20. 7396 

.36681 

20.  4280 

. 37589 

20. 1093 

. 38516 

19.  7849 

. 39462 

19. 4536 

. 40427 

19. 1161 

.  41409 

18. 7725 

.  42410 

18. 4231 

.  43427 

18.0689 

.44461 

17.  7087 

.45509 

17. 3435 

. 46574 

16. 9728 

. 47653 

16. 5969 

. 48746 

16. 2165 

. 49855 

15.8308 

. 50976 

15.  4415 

. 52114 

15.0471 

.53261 

14. 6492 

.  54422 

ANNUAL 
PREMIUM 


0. 00636 
.00524 
. 00528 
. 00539 
.  00552 

.  00568 
.  00584 
.00602 
. 00621 
.00641 

.00662 
. 00684 
. 00707 
. 00731 
. 00756 

. 00782 


.00835 
.00863 
.  00892 

.  00922 
.00954 
.  00986 
.  01020 
.  01055 

.  01091 
.01129 
.01169 
. 01211 
.01254 

.  01300 
.01348 
.  01398 
.01450 
. 01505 

.  01503 
.01624 
.  01687 
.  01754 
.  01825 

.  01899 
.  01977 
.02059 
. 02145 
.02236 

.02332 
.02433 
. 02539 
. 02651 
.  02770 

.  02896 
.  03029 
.  03170 
.  03319 
.  03478 


100. 


IMMEDIATE 
LIFE  ANNUITY 


SINGLE 
PREMIUM 


1.3537 


Ax 


14.  2474 

0.  55593 

13.  8414 

.  56771 

13. 4338 

.  57961 

13.  0236 

.  59157 

12.  6106 

.60356 

12. 1965 

. 61561 

11.  7816 

.62770 

11.3667 

.63984 

10.  9501 

. 65192 

10.  5349 

.  66406 

10. 1193 

.67611 

9.  7062 

.68817 

9.  2951 

.  70013 

8. 8878 

.  71201 

8.  4853 

.72372 

8. 0891 

. 73526 

7.  7001 

. 74660 

7.  3195 

.75768 

6.9484 

.76849 

6.  5878 

.77900 

6.2385 

.  78917 

5.  9010 

.  79899 

5.  5757 

.  80847 

5.  2629 

.  81759 

4.9622 

.82634 

4.  6741 

.83475 

4.  3983 

.84276 

4. 1353 

. 85046 

3. 8850 

.  85771 

3.6480 

.86463 

3.4240 

.  87114 

3.  2134 

.87728 

3.0154 

.88305 

2.  8297 

.88847 

2.  6561 

. 89351 

2. 4931 

. 89827 

2. 3408 

.90268 

2. 1989 

.90682 

2. 0658 

.  91071 

1.9430 

.91428 

1. 8261 

.  91769 

1.  7188 

.  92081 

1.  6179 

.92374 

1.5236 

.92650 

1.4361 

.92906 

.  93144 


ANNUAL 
PREMIUM 


P, 


0. 03646 
. 03825 
.04016 
.  04218 
.04434 

.04665 
.04911 
.  05174 
.05455 
. 05757 

.06081 
.06428 
.05801 
. 07201 
.07630 


.08582 
.  09107 
.09668 
.10266 

. 10902 
. 11578 
. 12295 
. 13055 
.13860 

. 14712 
.  15612 
.  16561 
.17558 
.18602 

.  19691 
.20821 
.  21992 
.23199 
.24439 

. 25715 
.27020 
.  28348 
.29705 
. 31066 

. 32473 
. 33869 
.35285 
. 36714 
. 38137 

. 39574 


648160-46- 
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Table  34. — United  States  White  Females:  1939-1941 — Immediate  Whole  Life  Annuity,  Single  and  Annual  Net  Premiums 

at  ZYi  Pebcent  Interest 

[Present  value  at  each  age  of  a  life  annuity  of  one  per  annum,  first  payment  to  be  made  at  the  end  of  1  year;  present  value  of  a  whole  life  assurance  of  one  unit,  and  the  annual 

payment  of  an  equivalent  whole  life  annuity-due] 


AGE 

IMMEDIATE 
LIFE  ANNUITY 

SINGLE 
PBEMTUM 

ANNUAL 
PEEMrUM 

AGE 

IMMEDIATE 
LIFE  ANNUITY 

SINGLE 
PREMIUM 

ANNUAL 
PEEMIUM 

I 

dx 

A, 

P, 

I 

a, 

A, 

P, 

0                                       _ 

24.2738 
25. 1129 
25.1042 
25.0404 
24.9584 

24.8650 
24.7640 
24.6554 
24.5399 
24.  4183 

24.2913 
24. 1590 
24. 0220 
23.8806 
23.7357 

23.5879 
23.4368 
23.2830 
23. 1265 
22.9660 

22.8023 
22.6345 
22. 4629 
22. 2872 
22. 1061 

21.9204 
21  7287 
21  5318 
21.3284 
21.1199 

20.9051 
20.6851 
20.4586 
20.2252 
19. 9859 

19. 7405 
19. 4878 
19.2290 
18.9640 
18.6917 

18.4136 
18. 1279 
17.8371 
17.5384 
17.2347 

16. 9251 
16. 6098 
16.2881 
15.9610 
15.6290 

15.2913 
14.9473 
14.  5995 
14. 2451 
13. 8867 

0.14533 
. 11696 
.11725 
.11941 
.12217 

.12533 
.12875 
.13243 
.13634 
.14044 

.14474 
.14922 
.15385 
.15862 
.  16353 

.16853 
.17363 
.17883 
.18413 
. 18955 

.19509 
.20077 
.20657 
.21252 
.21863 

.22492 
.2314C 
.23807 
.24492 
.25198 

.25924 
.26669 
.27436 
.28224 
.29033 

.29864 
.30716 
.31591 
.32489 
.33409 

.34351 
.35315 
.36302 
.37308 
.38336 

.39384 
.40451 
.41536 
.42641 
.43767 

.44911 
.46069 
.47251 
.48444 
. 49656 

0.00575 
.00448 
.00449 
.00459 
.00471 

.00485 
.00500 
.00516 
.00534 
.00553 

.00572 
.00593 
.00615 
.00638 
.00661 

.00685 
.00711 
.00736 
.00763 
.00791 

.00820 
.00849 
.00880 
.00913 
.00946 

.00981 
01018 
.01057 
.01097 
.01139 

.01183 
.01230 
.01279 
.01330 
.01383 

.01440 
.01499 
.01562 
.01627 
. 01697 

. 01769 
.01846 
.01927 
.02012 
. 02102 

. 02197 
.02297 
.02403 
.02514 
.02632 

.02757 
.02889 

.03029 
.03178 
.03336 

55 

13.5240 
13. 1576 
12. 7870 
12.4119 
12.0355 

11. 6559 
11.2743 
10.8909 
10.5062 
10. 1205 

9.7344 
9.3486 
8.9641 
8.5819 
8.2032 

7.8296 
7.4618 
7.1013 
6.7488 
6.4056 

6.0725 
5.7500 
5.4385 
5.1383 
4.8494 

4.5719 
4.3063 
4.0519 
3.8100 
3.5802 

3.3628 
3.1582 
2.9656 
2.7847 
2.6154 

2.4563 
2.3076 
2.1688 
2.0385 
1.9182 

1.8035 
1.6982 
1.5993 
1.5066 
1.4205 

1.3395 

0.50883 
.52127 
.53381 
.54641 
.55919 

.57202 
.58493 
.59789 
.61090 
.62395 

.63701 
.65005 
.66306 
.67598 
.68878 

.70141 
.71386 
.72606 
.73796 
.  74957 

.76084 
.77174 
.78227 
.79241 
.80219 

.81157 
.82060 
.82916 
.83738 
.84512 

.85248 
.85938 
.86589 
.87200 
.87772 

.88311 
.88816 
.89284 
.89724 
.90131 

.90518 
.90875 
.91210 
.91524 
.91814 

.92089 

0.03503 

1                                          

56. 

.03682 

2                                                  

57. 

.03872 

3                                              

58 

.04074 

4                                     

59 _._ _. 

.04290 

5                                        

60 _ 

.04520 

6                                      - 

61... _ 

.04765 

7 _ 

62 

.05028 

8 

63 

.05309 

9                                     

64 

.05611 

65 

.05934 

66 _ 

.06282 

12                                - 

67 

.06654 

13                                        _. 

68 _ 

.07055 

14                                                  

69 

.07484 

15                        

70 

.07944 

16                              

71 

.08436 

72 _ 

.08962 

18                              - 

73 

.09524 

19                                  .     .  ... 

74 

.10122 

75 

.10758 

76 

.11433 

77 _ 

.12150 

23                                    

78 

.12909 

79. 

. 13714 

25           .       

80 

.14565 

26                                  

81 

.15465 

27                                   

82 

.16413 

28                       -- 

83.... 

.17409 

29                                    

84... 

.18452 

30            .          ... 

85... 

.19539 

31          

86 

.20667 

32                          

87 

.21835 

33                                  

88 

.23040 

34                                   

89.. 

.24277 

35                       _       

90 

.25551 

36            

91 

.26852 

37                                 

92 

.28176 

38            - 

93 

.29529 

39                              _. 

94 

.30885 

40            - 

95 

.32288 

41                       _ 

96.... _ _ 

.33679 

42                    _ 

97 _ 

.35091 

43                                  

98.... 

.36514 

44                          _ 

99 

.37931 

45                        _ 

100 

.39363 

46        — 

47                .- 

48       

49        

50       

51      

52 

53      — 

54            -- - 

ACTUARIAL  TABLES 


79 


Table  35. — United   States    White   Females:     1939-1941 — Immediate    Whole   Life    Annuity,    Single   and    Annual   Net 

Premiums  at  4  Percent  Interest 

[Present  value  at  each  age  of  a  life  annuity  of  one  per  annum,  first  payment  to  be  made  at  the  end  of  1  year;  present  value  of  a  whole  life  assurance  of  one  unit,  and  the 

annual  payment  of  an  equivalent  whole  life  annuity-due] 


10. 
11. 
12. 
13. 
14. 

15. 

16. 
17. 
18. 
19. 

20. 
21.. 

22. 
23. 
24_. 

25.. 
26.. 
27.. 
28.. 
29.. 


30. 
31. 
32.. 
33.. 
34. 

35.. 
36.. 
37.. 
38-. 
39_. 

40.. 
41.. 
42.. 
43.. 
44.. 


45. 
46. 

47. 
48- 
49. 

50. 

51. 
52 
53. 

54. 


IMMEDIATE 
LIFE  ANNUITY 


21. 8575 
22.  6270 
22.  6340 
22. 5913 
22. 5329 

22. 4643 
22. 3890 
22. 3068 
22. 2185 
22. 1254 

22. 0269 
21. 9237 
21.  8165 
21.  7057 
21. 5916 

21.  4748 
21.  3551 
21.  2329 
21. 1085 
20. 9803 

20.  8495 
20.  7147 
20.  5770 
20.  4347 
20. 2883 

20. 1371 
19.  9806 
19.  8186 
19.  6520 
19. 4794 

19.  3013 
19.1176 
18. 9284 
18.  7328 
18. 5310 

18. 3239 
18. 1093 
17. 8891 
17.  6619 
17.  4292 

17. 1895 
16. 9425 
16.  6898 
16. 4312 
16. 1655 

15. 8937 
15.  6168 
15.  3338 
15. 0436 
14.  7487 

14.  4482 
14. 1410 
13. 8287 
13.  5105 
13. 1877 


SINGLE 
PREMIUM 


A: 


0. 12086 
. 09127 
. 09100 
.09264 


. 09753 
.  10043 
. 10359 
.  10698 
.  11057 

.  11436 
. 11832 
.  12244 
.  12670 
. 13110 

.  13559 
.  14019 
.  14488 
.  14968 
.  15459 

.  15964 
.  16481 
. 17013 
. 17559 
.  18122 

.  18705 
.  19307 
.  19928 
.  20571 
.  21234 

.  21918 
.22624 
.  23353 
.  24105 
.  24880 

.  25679 
.  26501 
.  27349 
.  28221 
.  29120 

. 30043 
.  30990 
.  31962 
.  32960 
.  33980 

.  35023 
.  36090 
.  37181 
.  38291 
.  39426 

.  40585 
.  41763 
.  42966 
.44188 
. 45433 


ANNUAL 
PREMIUM 


0. 00529 
. 00386 
.  00385 
.  00393 
.  00403 

.  00416 
.  00429 
.  00444 
.  00461 
.  00478 

. 00497 
. 00516 
. 00537 
.  00558 
.  00580 

.  00603 
. 00627 
. 00652 
. 00677 
. 00703 

. 00731 
. 00759 
. 00788 
. 00819 
.  00851 

.  00885 
.  00920 
. 00957 
. 00996 
.  01037 

.  01080 
.  01125 
.01172 
. 01222 
. 01274 

.  01329 
.  01387 
.  01448 
. 01512 
.  01580 

.  01652 
. 01727 
. 01807 
.  01891 
.  01980 

.  02073 
.  02172 
.  02276 
. 02387 
. 02503 

. 02627 
. 02758 
. 02898 
. 03045 
. 03202 


100. 


IMMEDIATE 
LIFE  ANNUITY 


12.  8593 
12.  5262 
12. 1887 
11.8472 
11.  5017 

11. 1532 
10. 8017 
10.  4475 
10.  0910 
9. 7326 

9.  3728 
9. 0124 
8.  6520 
8.  2930 
7.  9366 

7.  5839 
7.  2356 
6. 8939 
6.  5588 
6.  2318 

5.  9140 
5.  6055 
5.  3071 
5.  0190 
4.  7410 

4.  4739 
4.  2172 
3.  9716 
3.  7373 
3.  5146 

3.  3036 
3. 1047 
2.  9173 
2.  7411 
2.  5760 

2.  4207 
2.  2752 
2. 1394 
2.0119 
1.  8940 

1.  7815 
1.  6782 
1.  5810 
1. 4899 
1.  4053 

1.  3255 


SINGLE 
PREMIUM 


0.  46695 
.  47977 
. 49275 
.50588 
. 51916 

. 53257 
.  54610 
.  55971 
.  57342 
.  58721 

.  60105 
.  61491 
.  62876 
.  64257 
.  65629 

.  66986 
.68324 
.69641 
.  70928 
.  72185 

.  73409 
.  74594 
.  75742 
.  76852 
. 77917 

. 78948 
.  79931 
.  80878 
. 81779 
. 82636 

.  83448 
.  84212 
.  84934 
.  85613 
.  86247 

.  86846 
.  87401 
.  87926 
. 88417 


ANNUAL 
PREMIUM 


. 89301 


.  90073 
. 90425 
. 90750 

.  91057 


P* 


0.  03369 
.03547 
. 03736 
.  03938 
.04153 

. 04382 
. 04627 
.04889 
. 05170 
.05471 

.  05794 
. 06142 
.  06514 
.  06915 
.07344 

. 07804 
.  08296 
.08822 
.  09383 
.  09982 

. 10617 
.  11293 
.  12009 
.  12768 
.  13572 

.14423 
. 15321 
. 16268 
.  17263 
.18304 

.  19390 
.  20516 
.  21682 
.22884 
. 24118 

. 25389 
.26686 
.28007 
. 29356 
. 30708 

. 32106 
. 33492 
. 34899 
. 36317 
. 37729 

.  39155 


Table  36. 


-United     States     Total     Whites:  1939-1941, 
Makeham  Constants 


CONSTANT 

Value 

Common 
logarithm 

C 

1. 0924931 
.  9989073 
.  9989391 
95, 664.  45 

.0010615 
. 00009672 

+0. 03841870 

— . 000474834 

—.000461004 

It                              

+4. 98075057 

A 

—2.  97408 

B       _._ -.. 

—4. 01448 

it—ks'g" 


U:  =  A  +  BC* 
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Table  37. — United  States  Total  Whites:  1939-1941,  Makehamized — Table  or  Uniform  Seniority 

[Showing  the  addition  to  be  made  to  the  age  of  the  younger  of  two  lives  in  order  to  obtain  the  equivalent  equal  age:  law  of  uniform  seniority  applicable  only  when  both  live 

are  age  17  or  older] 


DIFFERENCE 
OF  AGE 

Addition  to 
younger  age 

DIFFERENCE 
OF  AGE 

Addition  to 
younger  age 

DIFFERENCE 
OF  AGE 

Addition  to 
younger  age 

DIFFERENCE 
OF  AGE 

Addition  to 
younger  age 

DIFFERENCE 
OF  AGE 

Addition  to 
younger  age 

DIFFERENCE 
OF  AGE 

Addition  to 
younger  age 

1                  

0.511 
1.044 
1.599 
2.176 
2.774 

3.393 
4.033 
4.693 
5.373 
6.071 

6.788 
7.523 
8.274 
9.041 
9.824 

16 

10.  622 
11.433 

12.  258 

13.  095 

13.  944 

14.  803 

15.  674 
16. 553 
17.  442 
18. 339 

19.  245 
20. 157 

21.  076 

22.  002 
22.  933 

31 

23.870 
24.812 

25.  759 

26.  710 

27.  664 

28.023 

29.  585 

30.  550 
31.518 

32.  488 

33.  461 
34. 436 
35. 414 
36. 393 
37.374 

46 

38.  356 
39.340 
40.325 
41.312 
42.299 

43.288 
44.277 
45.208 
46.  259 
47.251 

56... 

57 

48.244 
49.237 
50.231 
51.  225 
52.220 

53. 216 
54.211 
55.207 
56.204 
57.200 

66 

58  197 

2 

17 - 

32 

47 

67 

59. 195 

3 - 

18 

33.. 

48 

58... 

68 

60.192 

4  .. 

19 

34 

49. 

59... 

69 

61  190 

5     

20 

35 

50 

60- -. 

70 

02  187 

6   .           

21 

36 

51 

61 

71 

63.186 

7 

22 

37 

52 

62 

72 

64  184 

8     

23 

38 

53 

63 

73 

65. 182 

9               

24 

39 

54 _. 

64... 

74 

66. 181 

10 

25 

40 

55 

65.. 

75 

67  179 

11            

26 

41 

12 

27  .. 

42.. 

13  .. 

28 

43 

14   . 

29 

44.. 

15 

30 

45 

Table  38. — United  States  Total  Whites:   1939-1941,  Makehamized — Elementary  Values 


OF   1,000,000 

BORN  ALIVE 

PROBABILITY 
OF  SURVIV- 
ING   1    YEAR 
AT  EACH 
AGE 

PROBABILITY 

OF   DYING 

IN  EACH 

YEAR  OF 

AGE 

FORCE   OF 
MORTALITY 
AT  EACH  AGE 

AGE 

OF   1,000,000  BORN  ALIVE 

PROBABILITY 
OF  SURVIV- 
ING   1    YEAR 
AT  EACH 
AGE 

PROBABILITY 

OF  DYING 

IN   EACH 

YEAR   OF 

AGE 

AGE 

Number 

surviving  to 

each  age 

Number 

dying  in  each 

year  of  age 

Number 

surviving  to 

each  age 

Number 

dying  in  each 

year  of  age 

MORTALITY 
AT  EACH  AGE 

X 

h 

dx 

P* 

?* 

/** 

I 

h 

d, 

Pz 

?* 

f' 

0 

1, 000, 000 
956, 852 
952,  450 
950, 138 
948, 469 

947, 129 
945,  953 
944,  909 
943, 967 

943. 098 

942,  276 
941,473 
940, 595 
939, 637 
938,  594 

937, 464 
936,  242 
934,  926 
933,  509 
932,  055 

930,  561 
929, 023 
927,  436 
925,  796 

924. 099 

922,  338 
920,  510 
918,  606 
916, 621 
914,  546 

912,375 
910,099 
907,  707 
905, 190 
902,  537 

899, 736 

896. 774 
893, 637 
890, 309 

886. 775 

883,017 
879, 015 
874,  751 
870, 200 
865,  341 

860, 148 
854,  594 
848,  651 
842,  288 
835, 473 

828,171 
820,  348 
811,966 
802, 985 
793,  365 

43, 148 
4,402 
2,312 
1,669 
1,340 

1,176 

1,044 
942 
869 
822 

803 

878 

958 

1,043 

1,130 

1,222 
1,316 
1,417 
1,  454 
1,494 

1,538 
1,  587 
1,640 
1,697 
1,761 

1,828 
1,904 
1,985 
2,075 
2,171 

2,276 
2,392 
2,517 
2,653 
2,801 

2,962 
3,137 
3,328 
3,534 
3,758 

4,002 
4,264 
4,551 
4,859 
5,193 

5,554 
5,943 
6, 363 
6,815 
7,302 

7,823 
8,382 
8,981 
9,620 
10,  302 

0. 95685 
.  99540 
.  99757 
.  99824 
.  99859 

.99876 
.99890 
.  99900 
.99908 
. 99913 

.99915 
.99907 
. 99898 
.  99889 
.99880 

. 99870 
. 99859 
. 99848 
. 99844 
. 99840 

. 99835 
. 99829 
. 99823 
. 99817 
. 99809 

. 99802 
. 99793 
. 99784 
. 99774 
.  99763 

. 99751 
. 99737 
. 99723 
. 99707 
.  99690 

.99671 
. 99650 
. 99628 
. 99603 
. 99576 

. 99547 
.99515 
.  99480 
.99442 
.  99400 

.99354 
. 99305 
. 99250 
.  99191 
.99126 

.99055 
. 98978 
.98894 
. 98802 
.  98701 

0.04315 
.00460 
. 00243 
.00176 
. 00141 

.00124 
.00110 
.00100 
.00092 
.00087 

. 00085 
. 00093 
.00102 
.00111 
. 00120 

.00130 
.00141 
.00152 
.00156 
.00160 

.00165 
.00171 
.00177 
. 00183 
.00191 

.00198 
. 00207 
.00216 
. 00226 
. 00237 

.00249 
. 00263 
.00277 
.  00293 
. 00310 

. 00329 
.00350 
. 00372 
. 00397 
.00424 

. 00453 
.00485 
. 00520 
. 00558 
.00600 

.00646 
. 00695 
. 00750 
. 00809 
. 00874 

. 00945 
. 01022 
.01106 
.01198 
.01299 

9.  20886 
. 00709 
.00282 
.00194 
.00154 

.00131 
.00117 
.00105 
.00095 
.00089 

.00085 
.00088 
.00098 
.00106 
.00116 

.00125 
.00135 
.00150 
.00154 
.00158 

.00163 
.00168 
.00174 
. 00180 
.00187 

.00194 
.  00203 
.00212 
. 00221 
.00232 

.00244 
.00256 
.  00270 
.00285 
.00302 

.  00320 
.00340 
. 00361 
. 00385 
. 00411 

. 00439 
. 00470 
. 00503 
.00540 
. 00580 

. 00624 
.  00672 
. 00724 
. 00782 
.00844 

.00912 
.  00986 
. 01068 
.01157 
.01255 

55___ 

56.. 

783, 063 
772, 037 
760,244 
747, 639 
734, 179 

719.821 
704,  525 
688,254 
670, 972 
652,  652 

633, 270 
612,814 
591,  278 
568,  670 
545,011 

520,  339 
494, 708 
468, 193 
440, 891     • 
412,  921 

384,  425 
355,  571 
326,  551 
297,  576 
268, 877 

240. 702 
213.  305 
186,  944 
161,  870 
138,  318 

116,  497 
96,  583. 0 
78,  704.  2 
62, 938.  2 
49, 305. 3 

37, 766. 8 
28, 226. 6 
20,  537. 9 
14,511.8 
9, 930. 65 

6, 562. 05 
4, 173.  51 
2,  545. 81 
1,  483.  68 
822. 632 

431.  941 
213. 701 
99. 0754 
42.  7848 
17.  0972 

6. 27707 

11,026 
11.793 
12,605 
IS.  460 
14,358 

15,296 
16,271 
17,282 
18,320 
19, 382 

20,456 
21,  536 
22, 608 
23,659 
24,  672 

25, 631 
26, 515 
27,  302 

27,  970 
28,496 

28,854 
29,020 
28,975 

28,  699 
28,175 

27,  397 
26,  361 
25, 074 
23,  552 
21,821 

19,914.0 
17, 878. 8 
15,766.0 
13,  632. 9 
11, 538. 5 

9, 540.  2 
7,688.7 
6, 026. 1 
4,  581. 15 
3, 368. 60 

2, 388. 54 

1, 627. 70 

1, 062. 13 

661.048 

390. 691 

218.240 
114.  6256 
56.  2906 
25.  6876 
10.  82013 

6. 27707 

0.  98592 
.98472 
.98342 
.98200 
.98044 

. 97875 
.  97691 
. 97489 
.  97270 
.97030 

. 96770 
.96486 
. 96176 
.95840 
.  95473 

. 95074 
.94640 
.94169 
.93656 
.93099 

.  92494 
.  91838 
.91127 
.90356 
. 89521 

.88618 
.87642 
. 86587 
.85450 
.84224 

.829C6 
.81489 
. 79968 
.  78339 
.76598 

.  74739 
.72761 
. 70659 
.68432 
.66079 

.63601 
. 60999 
. 58279 
.55445 
.52507 

. 49475 
. 46362 
.  43184 
.  39961 
.36714 

.  ooooo 

0.01408 
.01528 
.  01658 
.01800 
. 01956 

.02125 
.02309 
.02511 
.02730 
.02970 

.03230 
.03514 
. 03824 

.04160 
.04527 

.04926 
.05360 
.05831 
.06344 
.06901 

.07506 
.08162 

.0^73 
.09644 
. 10479 

. 11382 
.12358 
.13413 
.14550 
. 15776 

.17094 
. 18511 
.20032 
.  21661 
.23402 

. 25261 
.27239 
.  29341 
.31568 
.  33921 

.  36399 
.39001 
.  41721 
.44555 
. 47493 

.50525 
. 53638 
.56816 
. 60039 
.63286 

1. ooooo 

C.  01361 

1 

.01477 

2 

57.- 

.01604 

3.. 

58 

59. 

. 01742 

4 

.01894 

5   . 

60_ 

.02059 

6 

61___ 

.02239 

7 

62... 

.02437 

8 

63 

.02652 

9 

64. 

.02888 

10 

65 

.  03145 

11 

66 

. 03426 

12 

67 

.03733 

13 

68.. 

. 04069 

14 

69 

.04435 

15 

70 

.04836 

16 

71 

.  05273 

17... 

72 

.05751 

18 

73 

. 06273 

19 

74 

.06844 

20 

. 07467 

21 

76 

.08148 

22 

77 

.08891 

23 

78 

. 09704 

24 

79 

. 10592 

25     

80 

. 11562 

26 

81-- 

.12621 

27 

82 

. 13779 

28   

83... 

.15043 

29     . 

84... 

.16425 

30       ..     .. 

85_ 

. 17934 

31 

86.. 

. 19583 

32 

87 

.  21385 

33 

88 

.23353 

34 

89 

.25503 

35     .    

90 

.27852 

36     . 

91 

. 30418 

37 

92 

.33222 

38 

.36285 

39   .. 

94 

. 39631 

40 

.43287 

41     . 

96... 

.47281 

42 

97 

.51644 

43 

98 

.56411 

44   .   

99     

.  61619 

45 

100__ 

101 

102 

103 

104.. 

105 

. 67309 

46... _ 

.  73525 

47 

.  80315 

48 

.  87734 

49.   

.95839 

50 

1. 04694 

51 

52 

53 

54. 
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Table  39. — United  States  Total  Whites:  1939-1941,  Makehamized — Immediate  Life  Annuities  at  2  Percent  Interest 

[Single  and  joint  lives — Equal  ages] 


AGE 

ONE  LIFE 

TWO  LIVES 

THREE  LIVES 

FOUR  LIVES 

AGE 

ONE  LIFE 

TWO  LIVES 

THRE'e  LIVES 

FOUB  LIVES 

X 

ax 

axx 

dxxx 

dxxxx 

X 

ax 

axx 

axxx 

axxxx 

0      

34. 2889 
35. 5519 
35. 4305 
35.  2271 
34. 9948 

34. 7452 
34. 4842 
34.2127 
33.9318 
33. 6423 

33. 3451 
33. 0410 
32. 7333 
32. 4220 
32. 1072 

31. 7888 
31. 4669 
31. 1414 
30. 8125 
30. 4778 

30. 1372 
29.  7908 
29. 4386 
29. 0806 
28. 7167 

28. 3470 
27. 9713 
27.  5899 
27.  2026 
26. 8096 

26. 4109 
26. 0065 
25. 5965 
25. 1810 
24.  7602 

24. 3340 
23. 9027 
23. 4663 
23.  0251 
22. 5792 

22. 1288 
21.  6741 
21.  2154 
20.  7529 
20. 2868 

19.  8174 
19.  3452 
18. 8702 
18. 3930 
17. 9139 

17. 4333 
16.  9516 
16.  4691 
15.  9864 
15. 5038 

30. 0985 
32.  5317 
32. 4898 
32.3011 
32. 0631 

31. 7970 
31.  5136 
31.  2150 
30. 9028 
30. 5790 

30.  2450 
29. 9026 
29. 5576 
29.  2103 
28. 8607 

28. 5089 
28. 1551 
27.  7991 
27.  4412 
27. 0775 

26. 7078 
26. 3322 
25. 9508 
25. 5637 
25. 1708 

24.  7724 
24. 3683 
23. 9588 
23. 5439 
23. 1239 

22.  6988 
22.  2687 
21. 8339 
21. 3946 
20. 9510 

20.  5033 
20. 0518 
19. 5966 
19. 1383 
18.  6769 

18.  2130 
17. 7468 
17. 2786 
16. 8090 
16. 3383 

15. 8669 
15.  3953 
14.  9239 
14.  4532 
13.  9837 

13. 5160 
13. 0506 
12.  5878 
12. 1284 
11.  6728 

26. 9733 
30. 4051 
30. 4452 
30. 2813 
30. 0503 

29. 7816 
29. 4907 
29. 1803 
28. 8531 
28.  5116 

28. 1580 
27.  7947 
27.  4300 
27.  0643 
26.  6977 

26. 3303 
25.  9622 
25. 5934 
25.  2243 
24. 8494 

24. 4687 
24. 0822 
23. 6902 
23.  2926 
22. 8896 

22. 4814 
22. 0679 
21.  6495 
21. 2263 
20.  7985 

20. 3663 
19. 9299 
19. 4895 
19. 0456 
18. 5984 

18. 1481 
17. 6951 
17.  '397 
16. 7824 
16. 3236 

15.  8635 
15. 4028 
14.  9417 
14.  4809 
14. 0208 

13. 5618 
13. 1045 
12. 6493 
12. 1969 
11.  7478 

11.  3025 
10.  8616 
10. 4254 
9. 9948 
9. 5700 

24. 4185 
28. 7126 
28. 8320 
28. 6959 
28. 4764 

28.  2107 
27. 9182 
27.  6027 
27.  2673 
26.  9153 

23.  5495 
26. 1730 
25.  7963 
25.  4197 
25.  0435 

24. 6677 

24.  2927 
23.  9184 
23.  5452 
23. 1664 

22. 7818 
22.  3917 
21. 9962 
21. 5956 
21. 1897 

20.  7791 
20. 3635 
19. 9435 
19. 5192 
19. 0909 

18. 6587 
18. 2230 
17. 7841 
17. 3424 
16. 8982 

16. 4518 
16. 0036 
15.  5541 
15. 1037 
14.  6529 

14. 2020 
13.  7516 
13. 3021 
12.  8543 
12. 4083 

11.9649 
11.  5246 
11. 0878 
10.  6552 
10. 2273 

9. 8047 
9.  3877 
8. 9770 
8.  5732 
8. 1765 

55  .      

15.  0219 
14. 5412 
14.  0621 
13. 5851 
13. 1109 

12.  6398 
12. 1726 
11. 7096 
11.  2514 
10. 7986 

10. 3516 
9.9111 
9. 4775 
9. 0515 
8.  6332 

8.  2234 
7.  8225 
7.  4308 
7. 0488 
6.  6768 

6.  3151 
5. 9641 
5. 6240 
5.  2951 
4. 9775 

4.  6713 
4.  3767 
4. 0937 
3. 8224 
3.  5628 

3. 3147 
3. 0781 
2.  8529 
2.  6389 
2.  4359 

2. 2437 
2.  0621 
1.  8908 
1.  7294 
1.  5778 

1.  4355 
1.  3022 
1. 1775 
1. 0609 
.9516 

.8486 
.7495 
.6489 
.5328 
.3599 

11.2216 
10.  7753 
10.  3345 
9. 8996 
9.  4712 

9.  0499 
8. 6361 
8.  2302 
7. 8328 
7. 4443 

7.  0651 
6.  6955 
6.  3359 
5. 9868 
5.  6482 

5.  3204 
5. 0037 
4.  6982 
4.  4041 
4. 1214 

3. 8501 
3.  5903 
3.  3420 
3. 1050 
2.  8792 

2.  6646 
2. 4609 
2. 2679 
2.  0854 
1. 9132 

1.  7510 
1.  5984 
1.  4552 
1.  3212 
1. 1958 

1.  0789 
.9701 
.8690 
.7753 
.6888 

.6090 
.5358 
.4687 
.4074 
.3518 

.3014 
.2561 
.2152 
.1772 
.1321 

9. 1518 
8.  7405 
8.  3367 
7.  9408 
7.  5533 

7.1746 
6. 8052 
6.  4454 
6. 0955 
5.  7558 

5.  4266 
5.  1081 
4. 8006 
4.  5042 
4.  2189 

3.9449 
3.  6822 
3. 4307 
3. 1905 
2.  9615 

2.  7434 
2. 5363 
2.  3399 
2. 1539 
1.  9783 

1. 8126 
1.  6567 
1.  5102 
1. 3728 
1.  2443 

1. 1243 
1.0125 
.9085 
.8120 
.7228 

.6404 
.5646 
.4951 
.4316 
.3738 

.3214 
.2741 
.2317 
.1939 
.1606 

.1313 

.1059 
.0841 
.0656 
.0485 

7.  7877 

1 .  

56 

7.  4070 

2      

57  -      

7. 0350 

3   _ 

58 

6.  6720 

4        

59 

6.3184 

5    

60  _ 

5.  9745 

6       _  _ _- 

61  .       

5.  6408 

7     

62 __ 

5.  3173 

8 

63 

5.0044 

9      

64 

4.  7022 

10 

65.  _ 

4.  4109 

11 

66 — 

4. 1306 

12 

67 

3.  8613 

13 

68 

3.  6033 

14 

69 _ - 

3.  3563 

15 

70 

3. 1204 

16 

71 

2.8954 

17 

72 

2.  6813 

18 

73. _ 

2.  4780 

19 

74 

2.  2852 

20 

75... 

2. 1027 

21 

22__._ __ 

23 

76  

1. 9304 

77 --. 

1.  7678 

78 

1.  6149 

24 

79 

1. 4713 

25 

80 _._ 

1.  3367 

26 

81 - 

1.  2107 

27 

82 

1.  0931 

28 

83 

.9836 

29 

30 

84 

.8818 

85 

.7875 

31 

86 

.7002 

32 

87 

.6197 

33 

88 

.5457 

34 - 

35 . 

36 

89 _- 

.4779 

90  -. 

.4159 

91 

.3596 

37 

92 

.3086 

38 

93 

.2626 

39 

94 

.2215 

40 

95 

.1849 

41 

96__: 

.1526 

42 

97 

.1244 

43 

98-.: 

.1000 

44 

99 - -— 

.0791 

45 

100.__ 

.0615 

46 

101 — 

.0469 

47 

102-_ 

.0350 

48 

103 

.0254 

49 

104 

.0178 

50 -_ 

51 -__ 

52 

53 _ _- 

54 

82  UNITED  STATES  LIFE  TABLES  AND  ACTUARIAL  TABLES 

Table  40. — United  States  Total  Whites:  1939-1941,  Makehamized — Immediate  Life  Annuities  at  2^2  Percent  Interest 

[Single  and  joint  lives — Equal  ages] 


AGE 

ONE  LIFE 

TWO  LIVES 

THREE  LIVES 

FOUR  LIVES 

AGE 

ONE  LIFE 

TWO  LIVES 

THEEE  LIVES 

FOUK  LIVES 

X 

a. 

a„ 

a„x 

a.xxzz 

X 

a* 

a» 

Oiu 

Bern 

0                                            

30. 1153 
31.  2602 
31. 1897 
31. 0473 
30. 8795 

30. 6962 
30.  5028 
30. 2999 
30. 0884 
29. 8690 

29.  6424 
29. 4094 
29. 1728 
28. 9326 
28. 6888 

28.4415 
28. 1906 
27.9360 
27.  6779 
27.  4141 

27. 1446 
26.  8692 
26.  5881 
26.3011 
26.  0081 

25.  7092 
25. 4043 
25.0934 
24.7764 
24. 4534 

24.1244 
23.  7893 
23.  4483 
23. 1014 
22.  7485 

22. 3898 
22. 0254 
21.  6553 
21.  2796 
20. 8985 

20.  5121 
20.1207 
19.  7242 
19. 3231 
18. 9174 

18. 5073 
18. 0933 
17. 6756 
17. 2543 
16.8299 

16. 4027 
15. 9731 
15.  5415 
15. 1082 
14.  6737 

26. 7270 
28.9216 
28. 9193 
28. 7867 
28. 6103 

28.  4086 
28. 1913 
27. 9599 
27.7161 
27. 4614 

27. 1971 
26. 9246 
26.  6492 
26.3712 
26. 0906 

25.  8074 
25.5217 
25.  2334 
24. 9428 
24.  6462 

24.  3436 
24. 0348 
23.  7201 
23.  3993 
23. 0724 

22.  7397 
22. 4008 
22.  0561 
21.  7055 
21.  3492 

20. 9872 
20. 6196 
20. 2466 
19. 8684 
19. 4850 

19. 0967 
18.  7036 
18. 3061 
17. 9043 
17.4984 

17.0888 
16. 6760 
16.  2599 
15.8412 
15.  4201 

14.9970 
14.5724 
14.1466 
13.7202 
13.  2935 

12. 8672 
12.  4416 
12.0173 
11.5949 
11. 1747 

24. 1211 
27.  2220 
27.2912 
27. 1781 
27. 0049 

26.  7977 
26.  5702 
26.  3248 
26.0638 
25. 7894 

25.  5033 
25.  2078 
24. 9105 
24.6114 
24.  3109 

24. 0088 
23. 7056 
23.4010 
23. 0954 
22.  7837 

22. 4660 
22. 1422 
21.8124 
21.  4768 
21.  1352 

20. 7879 
20. 4348 
20. 0762 
19.  7121 
19.  3427 

18. 9681 
18. 5886 
18.  2043 
17.8155 
17.  4224 

17. 0253 
16.6244 
16.  2201 
15.  8127 
15.4026 

14.  9901 
14. 5757 
14. 1596 
13.  7425 
13.3247 

12.9066 
12.4889 
12.0720 
11.6563 
11.2425 

10.8311 
10.  4225 
10.0173 
9.6162 
9. 2195 

21.9525 
25. 8429 
25. 9820 
25.8918 
25. 7264 

25.  5191 
25.  2874 
25. 0343 
24.  7627 
24.  4755 

24.1750 
23.8640 
23. 5521 
23.  2395 
22. 9265 

22.  6132 
22.  2998 
21. 9862 
21.  6731 
21.  3538 

21.0286 
20.  6974 
20.  3604 
20.0177 
19.  6692 

19.  3154 
18. 9560 
18.  5915 
18.  2219 

17. 8475 

17. 4685 
17. 0849 
16.6974 
16.  3060 
15.9110 

15.5128 
15.1118 
14.  7082 
14.  3026 
13.  8952 

13.  4866 
13.0773 
12.  6675 
12.  2579 
11.8490 

11.4412 
11.0351 
10.6311 
10.2299 
9. 8320 

9. 4379 
9. 0482 
8.  6634 
8.2839 
7.9104 

55 

14. 2384 
13.8028 
13. 3673 
12.9325 
12.4988 

12.0668 
11.6371 
11.2100 
10. 7862 
10. 3662 

9.9505 
9.  5397 
9.1344 
8.7350 
8.3420 

7.9560 
7.  5774 
7.2067 
6.8443 
6.4906 

6.1460 
5. 8109 
5.4854 
5.1700 
4.8649 

4. 5702 
4.2862 
4.0128 
3.7503 
3. 4986 

3.  2578 
3.0277 
2.8084 
2.  5997 
2.4014 

2.  2135 
2. 0357 
1. 8677 
1.7094 
1.5604 

1.4204 
1.2892 
1.1663 
1.0513 
.9434 

.8417 
.7438 
.6444 
.5295 
.3582 

10.  7574 
10.  3435 
9. 9336 
9.5281 
9.1277 

8.7329 
8.3441 
7. 9619 
7.  5868 
7.  2191 

6.8595 
6.5082 
6.1657 
5.8323 
5.5084 

5.1942 
4. 8901 
4. 5961 
4.3126 
4.0395 

3.  7771 
3. 5253 
3.2842 
3.  0538 
2.8340 

2.6247 
2.4258 
2.2372 
2.0585 
1.8897 

1.  7305 
1.5806 
1.4398 
1.3078 
1.1843 

1.0690 
.9616 
.8617 
.7692 
.6835 

.6046 
.5320 
.4655 
.4048 
.3496 

.2996 
.2546 
.2140 
.1763 
.1315 

8.8279 
8.4418 
8. 0618 
7.6884 
7.3220 

6.9632 
6.6123 
6.2698 
5.9360 
5.6113 

5.2960 
4.9903 
4.  6946 
4.4090 
,4.1337 

3.8687 
3.  6143 
3. 3704 
3. 1370 
2. 9141 

2. 7016 
2.4995 
2.  3075 
2.1256 
1. 9535 

1. 7910 
1.6379 
1. 4939 
1.3587 
1.2321 

1.1138 
1. 0034 
.9007 
.8054 
.7172 

.6356 
.5606 
.4917 
.4288 
.3714 

.3194 
.2724 
.2304 
.1928 
.1597 

.1306 
.1054 
.0837 
.0653 
.0483 

7.5434 

1 

56 

7. 1832 

2     .                   

57 

6.8304 

3                                 

58 

6.4853 

4  ..                

59 

60 

6.1485 

5     

5.8203 

6  _ 

61 

5.5011 

7 __ 

62 

63... 

5. 1910 

8...              

4.8905 

9  .. 

64 

4.5997 

10  .                

65 

4.3189 

11 

66 

4.0483 

12 

67 

3. 7879 

13 

68 

3.5378 

14 

69 

3.2981 

15  .. 

70 

3.0687 

16 

71 

2.8498 

17  . 

72.. 

2.6411 

18  .. 

73 

2.4425 

19 

74 

2.2540 

20 : 

75 

2.0754 

21  . 

76 

1.9065 

22 

77 

1. 7471 

23 

78 

1.5968 

24  .. 

79 

1.4556 

25                      

80 

1.3231 

26 _ 

27 

81 

82 

1.1990 
1.0831 

28  .- 

83 

.9750 

29  .. 

84 

.8744 

30 

85 

.7812 

31 

86 

.6948 

32 

87 

.6152 

33  .- 

88 

.5418 

34 

89 

.4746 

35 

90. 

.4132 

36 

91 

.3573 

37        -. - -.- 

92 

.3067 

38 

93 

.2611 

39 _ __ 

94 

.2202 

40 

95 

.1839 

41 

96 

.1518 

42 

97 

.1237 

43 

98 

.0995 

44..     

99 

100 

101 

102 _. 

103 

.0787 

45 _ _ 

.0612 

46  . 

.0466 

47 _ - 

.0348 

48  . 

.0253 

49 

104... 

.0177 

50 

51 _ 

52... 

53. _ 

54 
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Table  41. — United  States  Total  Whites:    1939-1941,    Makehamized — Immediate  Life  Annuities  at  3  Percent  Interest 

[Single  and  joint  lives— Equal  ages) 


AGE  ' 

ONE  LITE 

TWO  LIVE3 

THREE  LIVES 

FOUK  LIVES 

AGE 

ONE  LIFE 

TWO  LIVES 

THREE  LIVES 

FOUR  LIVES 

X 

a* 

a« 

dxxx 

<?  X  IXX 

X 

Oi 

d  xx 

ttizm 

Oxxsi 

0  

26.  7047 

27.  7461 
27.  7106 
27. 6114 
27. 4898 

27. 3545 
27. 2102 
27.  0575 
26. 8970 
26. 7294 

26.  5553 
26. 3753 
26. 1919 
26. 0052 
25.8151 

25.  6216 
25.  4247 
25.  2243 
25.  0205 
24.8113 

24. 5966 
24. 3765 
24. 1507 
23.  9193 
23. 6822 

23. 4392 
23. 1903 
22. 9355 
22.  6747 
22.  4080 

22. 1352 
21. 8562 
21.5712 
21.  2802 
20. 9830 

20. 6798 
20.  3705 
20. 0553 
19.  7341 
19. 4072 

19. 0744 
18.  7362 
18. 3923 
18. 0432 
17. 6888 

17.  3295 
16.  9654 
16.  5966 
16. 2237 
15. 8467 

15. 4660 
15. 0819 
14. 6948 
14. 3049 
13. 9127 

23. 9239 
25. 9141 
25.  9388 
25. 8471 
25.  7163 

25.  5628 
25.  3952 
25. 2149 
25.  0232 
24.  8214 

24.  6107 
24.  3923 
24. 1710 
23.  9469 
23.  7201 

23.  4907 
23. 2586 
23. 0238 
22.  7866 
22.  5435 

22.  2944 
22. 0393 
21.  7783 
21.5112 
21.  2380 

20. 9587 
20. 6733 
20. 3819 
20. 0843 
19.  7808 

19.  4714 
19. 1559 
18. 8347 
18.  5078 
18. 1753 

17.8373 
17. 4939 
17. 1455 
16.  7921 
16.  4340 

16.  0714 
15.  7047 
15.  3339 
14. 9595 
14.  5819 

14. 2012 
13.  8180 
13.  4325 
13.  0453 
12.  6568 

12.  2674 
11.8775 
11.4878 
11.0986 
10.  7105 

21.  7244 
24.  5417 
24.  6301 
24.  5546 
24.  4250 

24.  2647 
24. 0860 
23. 8909 
23.6813 
23. 4593 

23.  2263 

22.  9844 
22.  7403 
22.  4942 
22. 2464 

21.  9967 
21.  7454 
21.4925 
21.  2383 
20.  9779 

20.7115 
20. 4390 
20. 1604 
19. 8758 
19. 5850 

19. 2883 
18. 9856 
18. 6770 
18.  3626 
18. 0425 

17.  7167 
17.  3855 
17.  0490 
16.  7074 
16. 3608 

16. 0095 
15. 6537 
15. 2937 
14. 9298 
14.  5623 

14. 1915 
13. 8178 
13.4415 
13.0631 
12. 6829 

12. 3014 
11.9191 
11.  5364 
11.1538 
10. 7718 

10.3911 
10.0119 
9.  6350 
9. 2608 
8. 8898 

19. 8639 
23.  4075 
23.  5586 
23.  5023 
23.  3783 

23.  2162 
23.  0318 

22. 8278 
22. 6066 
22.  3707 

22. 1223 
21. 8639 
21.  6040 
21.  3430 
21.0812 

20. 8185 
20.  5552 
20.  2913 
20. 0272 
19.  7571 

19. 4808 
19. 1984 
18.9101 
18. 6158 
18.3155 

18. 0094 
17. 6975 
17.  3800 
17. 0570 
16.  7287 

16. 3951 
16. 0565 
15.  7132 
15.  3654 
15.0133 

14.  6571 
14. 2973 
13. 9341 
13.  5679 
13. 1991 

12. 8279 
12. 4551 
12. 0807 
11.  7055 
11.3297 

10. 9540 
10.  5788 
10.  2045 
9. 8319 
9. 4613 

9. 0935 
8.  7287 
8. 3676 
8.0107 
7. 6586 

55. 

13.  5186 
13. 1230 
12.  7264 
12.  3292 
11.9319 

11.  5350 
11. 1390 
10. 7443 
10.3517 
9. 9616 

9.  5745 
9. 1909 
8.8114 
8. 4366 
8. 0669 

7.  7029 
7. 3450 
6.  9938 
6. 6497 
6. 3131 

5. 9845 
5. 6643 
5.  3527 
5. 0501 
4.  7568 

4. 4730 
4. 1989 
3. 9347 
3. 6806 
3.  4365 

3.  2026 
2. 9788 
2.  7651 
2.  5615 
2. 3679 

2. 1840 
2. 0099 
1. 8452 
1. 6897 
1.5433 

1. 4057 
1. 2764. 
1. 1553 
1.0418 
.9354 

.8349 
.7381 
.6399 
.5263 
.3564 

10. 3239 
9. 9S95 
9. 5578 
9. 1793 
8. 8045 

8. 4341 
8. 0684 
7.  7080 
7.  3535 
7. 0053 

6. 6639 
6. 3297 
6. 0031 
5.  6846 
5.  3745 

5. 0732 
4.  7809 
4.  4979 
4.  2243 
3.  9605 

3.  7065 
3.  4624 
3.  2283 
3.  0042 
2.  7901 

2.  5860 
2. 3917 
2.  2072 
2.  0322 
1. 8667 

1.7105 
1.  5632 
1.  4247 
1.  2948 
1. 1730 

1. 0593 
.9533 
.8546 
.7631 
.6784 

.6002 
.5283 
.4624 
.4021 
.3474 

.2978 
.2531 
.2128 
.1753 
.1309 

8. 5226 
8. 1598 
7.  8018 
7.  4492 
7. 1025 

6.  7622 
6.  4286 
6. 1022 
5.  7836 
5.  4729 

5. 1707 
4.  8772 
4.  5926 
4.3173 
4.0515 

3.  7952 
3.5487 
3. 3120 
3. 0851 
2. 8681 

2. 6610 
2. 4637 
2.  2760 
2. 0980 
1. 9293 

1. 7699 
1.6195 
1. 4779 
1. 3449 
1.  2202 

1. 1035 
.9946 
.8932 
.7989 
.7116 

.6309 
.5566 
.4884 
.4259 
.3690 

.3174 
.2708 
.2290 
.1918 

.1588 

.1299 
.1048 
.0833 
.0649 
.0480 

7.3117 

1  _ 

56 

6. 9706 

2  . 

57._ 

6. 6357 

3 

58 

6. 3075 

4—         ; 

59 

5.9864 

5     

60__ 

5.6729 

6 

61 

5. 3672 

7 

62 

5. 0698 

8 

63. 

4.  7811 

9 

64 

4.5012 

10 

65._ 

4.  2304 

11 

66 

3.9688 

12 

67 

3.7168 

13... 

68 

3. 4744 

14 

69 

3.  2417 

15 

70____ _.-_ 

3. 0187 

16 

71 

2. 8054 

17 

72 

2.  6019 

18 

73.-. /  . 

2. 4080 

19 

74 _ 

2.  2237 

20 

75 

2.0488 

21_ 

76 _ 

1.8832 

22 

77 _ 

1.  7267 

23  . 

78 

1.  5791 

24__ __. 

79- 

1.4403 

25 

80 

1.  3098 

26 

81 

1. 1875 

27 

82_ 

1.0732 

28  -. 

83 

.9665 

29 

84 .._ 

.8671 

30 

85 

.7749 

31 

86 __ 

.6895 

32 _. 

87... 

.6107 

33 

88 

.5380 

34.. 

89 

.4714 

35 

90. _ 

.4105 

36 

91 

.3551 

37 

92... 

.3048 

38 

93 

.2595 

39 

94 

.2189 

40 

95 

96 

.1828 

41 

.1510 

42  .. 

97 

.1231 

43_ 

98 

.0989 

44 

99__ _- 

.0783 

45__ 

100. 

.0609 

46_ _ 

101 

.0464 

47 

102 

.0346 

48 _ 

103. 

.0252 

49.. 

104- « 

.0176 

50. _ 

51 

52 

53 

54 
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Table  42. — United  States  Total  Whites:  1939-1941,  Makehamized — Immediate  Life  Annuities  at  4  Percent  Interest 

[Single  and  joint  lives — Equal  ages] 


AGE 

ONE  LIFE 

TWO  LIVES 

THEEE  LIVES 

FOUE  LIVES 

AGE 

OlfE  LITE 

TWO  LIVES 

THEEE  LIVES 

FOCE  LIVES 

X 

Or 

On 

Oixx 

Dssa 

I 

a* 

a„ 

hi 

ffjjm 

0      

21.5428 
22  4148 
22. 4191 
22.3726 
22.3085 

22.2336 
22. 1517 
22. 0633 
21. 9687 
21. 8685 

21. 7630 
21. 6529 
21.5400 
21.  4244 
21.  3062 

21. 1852 
21. 0613 
20. 9346 
20.8050 
20. 6710 

20.5323 
20.3890 
20.2408 
20.0877 
19. 9296 

19.7664 
19.  5979 
19.  4240 
19.  2448 
19.0600 

18. 8695 
18.  6734 
18. 4715 
18.2638 
18. 0501 

17. 8306 
17.6050 
17. 3735 
17. 1360 
16. 8924 

16.6429 
16. 3875 
16.1260 
15.8588 
15.5857 

15.  3070 
15.0227 
14.7330 
14. 4381 
14.1382 

13.8333 
13.5238 
13.  2100 
12. 8920 
12.  5703 

19.  5872 
21.  2493 
21.3040 
21.2641 

21. 1926 

21. 1027 
21.  0014 
20.8898 
20.7688 
20. 6393 

20.  5024 
20.3588 
20.  2127 
20.0641 
19. 9131 

19.  7596 
19.  6037 
19. 4452 
19.2845 
19. 1185 

18. 9471 
18.  7703 
18.5880 
18.4000 
18.2064 

18.0071 
17. 8018 
17.5906 
17.  3736 
17. 1507 

16.9217 
16. 6867 
16. 4457 
16. 1988 
15. 9459 

15. 6872 
15.  4226 
15. 1523 
14.8764 
14.  5950 

14.3083 
14.  0165 
13.  7196 
13. 4180 
13.1119 

12. 8015 
12  4872 
12. 1692 
11.  8479 
11.  5237 

11. 1969 
10. 8679 
10.  5372 
10.  2051 
9.8723 

17. 9647 
20.3264 
20. 4339 
20.4068 
20.3353 

20.2386 
20.1268 
20.0013 
19. 8637 
19.  7154 

19.  5577 
19. 3921 
19.2243 
19.  0545 
18.8S28 

18. 7092 
18.5339 
18. 3567 
18. 1781 
17.9938 

17. 8038 
17.6081 
17.4066 
17. 1992 
16. 9859 

16.7668 
16.5415 
16.  3104 
16. 0733 
15.8302 

15.  5812 
15.3264 
15.  0657 
14.  7995 
14.5275 

14.2502 
13. 9675 
13. 6798 
13.  3871 
13. 0897 

12  7878 
12  4818 
12. 1718 
11.8584 
11.5416 

11.2220 
10.8999 
10.  5757 
10.  2499 
9.9229 

9.  5952 
9.2672 
8. 9395 
8.6125 
8.2868 

16.  5537 
19.  5375 
19. 6973 
19.6853 
19. 6172 

19.  5176 
19.3994 
19.2647 
19. 1154 
18. 9534 

18.7804 
18.  5983 
18. 4146 
18.2294 
18.0430 

17.  8553 
17.6667 
17. 4770 
17.  2867 
17.  0906 

16.8887 
16.6808 
16. 4671 
16.  2474 
16.  0218 

15. 7903 
15.5528 
15.3094 
15.0601 
14.8052 

14.5445 
14. 2781 
14.0064 
13.  7293 
13.  4471 

13.1600 
12.8681 
12  5717 
12.2712 
11.9667 

11.6586 
11.3473 
11. 0329 
10.  7162 
10. 3972 

10. 0766 
9.7548 
9. 4321 
9.1092 
8.  7865 

8.4646 
8. 1437 
7. 8247 
7.5079 
7. 1939 

55 

12  2451 

11. 9168 
11.5857 
11.2523 

10. 9169 

10.5800 
10.2421 
9.9037 
9.5651 
9.2269 

8  8897 
8.5539 
&  2201 
7.8887 
7.5604 

7.2357 
6.9150 
6.5989 
6.2878 
5.9822 

5.6827 
5.3896 
5.1033 
4.8242 
4.5527 

4.2891 
4.0336 
3.7864 
3.5479 
3.  3181 

3.0971 
2.8851 
2  6822 
2  4882 
23033 

21273 
1.9601 
1.8016 
1. 6517 
1.  5102 

1.3770 
1.2516 
1.1339 
1.0234 
.9197 

.8216 
.7271 
.6311 
.5199 
.3530 

9.5391 
9.2061 
8.8737 
8.5424 
8.2129 

7.8855 
7.5609 
7.2395 
6.9220 
6.6087 

6.3002 
5.9969 
5.6994 
5.4080 
5.1232 

4.8454 
4.5749 
4.3121 
4.0572 
3.8104 

3. 5721 
3.3424 
3. 1214 
2.9092 
2  7059 

2  5115 
2  3260 
21494 
1.9815 
1.8224 

1. 6717 
1.5295 
1.3954 
1.2694 
1. 1511 

1.0404 
.9370 
.8407 
.7512 
.6682 

.5916 
.5210 
.4562 
.3970 
.3431 

.2942 
.2502 
.2104 
.1734 
.1296 

7.9629 
7.6413 
7.3226 
7.0072 
6. 6957 

6.3886 
6.0863 
5.7894 
5.4983 
5.2134 

4.9352 
4.6639 
4.4001 
4.1438 
3.8955 

3.6554 
3.4236 
3.2004 
2.9859 
2.7800 

25830 
23948 
2.2153 
20446 
1.8826 

1.7290 
1.5839 
1.4469 
1.3180 
1.1969 

1.0834 
.9773 
.8783 
.7863 
.7008 

.6218 
.5488 
.4818 
.4204 
.3644 

.3136 
.2677 
.2264 
.1896 
.1571 

.1285 
.1037 
.0824 
.0643 
.0476 

6  8832 

1 

56 _ 

6  5763 

2 

57 

6  2737 

3                       

58 

5  9759 

4 

59 

5  6834 

5 

60 __ 

5  3966 

6 

61 

5  1160 

7  ..            

62 

4  8419 

8 

63 

4.5748 

9...     

64 

4.3149 

10          

65 

4.0626 

11...       

66 

3  8181 

12. 

67 

3  5817 

13 

68 

3  3536 

14 

69 

3  1339 

15 

70 

71 

2  9228 

16 

2  7204 

17 

72 

2  5266 

18 

73. 

2  3416 

19                   

74 

21652 

20 - - 

75 

76 

1  9974 

21 

1  8382 

22 

77._ 

1  6874 

23         

78.. 

1  5448 

24 _- 

79 

1.4104 

25 

80. 

1  2839 

26                   

81.-_ 

1  1652 

27 

82. 

1.0539 

28.                     

83 

9499 

29                        

84 

8529 

30 

85 _ 

.7628 

31 

86 

.6792 

32 - 

87 

.6019 

33 

88 

.5306 

34 _ _ 

89 

.4651 

35 - 

90 - 

.4052 

36 

91 

.3507 

37 

92 

.3012 

38            

93. __ 

.2565 

39 

94 

.2165 

40 --— 

95 

.1808 

41     . 

96.. — 

.1493 

42  .. 

97 

.1218 

43 

98 

.0979 

44...                   

99 — _ 

.0775 

45 

100-_ _ 

.0603 

46.. 

101-_ - __ 

.0459 

47 

102 

.0343 

48 

103 

.0249 

49.. 

104 

.0175 

50 

51 

52 

53 

54 

PART  IV 

MATHEMATICAL  THEORY  AND  USE  OF  THE  ACTUARIAL  TABLES 


It  is  the  purpose  of  part  IV  to  explain  and  illustrate 
the  use  of  the  actuarial  tables  in  part  III,  and  to  present 
enough  of  the  underlying  mathematical  theory  to  enable 
the  reader  without  actuarial  training  to  grasp  the  gen- 
eral import  of  these  tables  and  to  understand  some  of 
their  simpler  applications.  For  the  convenience  of 
such  readers,  the  synopsis  of  mathematical  theory  has 
been  placed  before  the  technical  explanation  of  the 
arrangement  and  use  of  the  tables. 

The  section  dealing  with  the  mathematical  theory 
assumes  only  a  knowledge  of  elementary  algebra,  and 
covers  only  the  formulas  for  net  values  of  the  most 
simple  types  of  life  annuities,  and  net  premiums  for  the 
most  simple  types  of  life  assurance  benefits,  including 
some  annuities  and  assurances  involving  two  or  more 
lives.  No  consideration  is  given  to  the  important  sub- 
ject of  policy  values  (reserves). 

A.  GENERAL  MATHEMATICAL  THEORY 

Compound  interest 

If  a  sum  P  is  invested  at  compound  interest  at  the 
rate  i  (that  is,  lOOi  percent)  compounded  annually,  the 
amount  accumulated  at  the  end  of  1  year  is  P(l-\-i). 
The  amount  at  the  end  of  the  second  year  is  P(l+i) 
multiplied  again  by  (1+i):  that  is,  F(l+i)2-  In 
general,  the  amount  at  the  end  of  n  years  is  P(l-\-i)n. 

The  present  value,  on  the  basis  of  compound  interest 
at  the  rate  i,  of  a  sum  A  due  n  years  hence,  is  that 
amount  which,  if  available  now,  would  accumulate  to 
exactly  the  sum  A  in  n  years  by  the  addition  of  com- 
pound interest  at  the  rate  i.  In  other  words,  it  is  an 
amountP,  such  that  P(\Jri)n=A.     Solving  for  P  gives : 

P=A(l+i)-"=Avn 

where  the  symbol  v  is  used  to  stand  for  (1  +i)_1. 

Pure  endowment 

A  pure  endowment  on  the  life  of  a  specified  individual 
is  an  agreement  to  pay  a  stipulated  sum  on  a  designated 
future  date,  called  the  maturity  date,  provided  the 
specified  individual  is  then  alive.  If  each  of  lx  indi- 
viduals, all  exactly  at  age  x,  purchases  an  n-year  pure 
endowment  of  one  unit,  the  total  cost  being  shared 
equally  at  the  time  of  issue,  payments  will  be  made  at 
the  end  of  the  n  years  to  lx+n  persons,  and  the  total 
present  value  of  these  payments  is  vnlx+n.  If  nEx 
denotes  the  net  single  premium  for  the  pure  endow- 


ment: that  is,  the  amount  which  each  of  the  lx  individ- 
uals will  have  to  pay,  then, 


iJBI, 


vH 


x+n 


I 


(1) 


Annuities 

An  annuity  is  a  series  of  payments  made  at  equal 
intervals  and  continuing  during  the  existence  of  a 
given  status.  Unless  otherwise  specified,  the  payments 
are  assumed  to  be  equal  in  amount.  An  annuity 
certain  is  one  in  which  the  payments  continue  for  a 
specified  period  of  time,  regardless  of  any  other  con- 
tingency. A  life  annuity  is  one  in  which  each  payment 
is  contingent  on  the  continued  survival  of  a  designated 
individual,  called  the  annuitant.  In  a  whole  life 
annuity,  the  payments  continue  during  the  entire  life- 
time of  the  annuitant.  Under  a  temporary  life  annuity, 
a  maximum  period  of  time  is  specified,  beyond  which 
the  payments  are  not  to  continue,  even  though  the 
annuitant  be  alive.  The  value  or  present  value  of  an 
annuity  is  the  sum  of  the  values  of  all  the  individual 
payments,  each  discounted  (or,  in  some  cases,  accu- 
mulated) at  compound  interest  to  a  specified  date, 
called  the  valuation  date.  In  the  case  of  a  life  annuity, 
valuation  also  implies  the  assumption  that  similar 
annuities  have  been  issued  to  a  large  number  of  persons 
all  at  the  same  age  and  subject  throughout  the  duration 
of  all  the  annuities  to  exactly  the  rates  of  mortality  of  a 
specified  life  table;  and  further  that  the  total  fund  is 
contributed  (or  shared)  equally  by  all  the  annuitants 
alive  on  the  valuation  date.  If  the  first  payment  is 
made  exactly  one  payment  interval  after  the  valuation 
date,  the  annuity  is  called  an  immediate  annuity.  If 
the  first  payment  is  made  at  a  later  date,  it  is  called  a 
deferred  annuity.  If  the  first  payment  is  made  on  the 
valuation  date,  it  is  called  an  annuity-due.  If  the  last 
payment  is  made  prior  to  the  valuation  date,  it  is 
called  a  jorborne  annuity.  A  concrete  illustration  of 
the  forborne  annuity  is  provided  by  the  tontine  fund, 
to  which  a  group  of  individuals  contribute  regularly 
until  the  end  of  a  specified  period  of  years  (or  until 
prior  death),  the  accumulated  fund  being  then  divided 
equally  among  the  survivors  on  a  designated  date. 

Temporary  life  annuity 

Each  payment  of  a  life  annuity  can  be  regarded  as  a 
pure  endowment;  or,  in  other  words,  a  life  annuity  can 
be  regarded  as  the  sum  of  a  number  of  pure  cndow- 
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ments.  Thus,  if  ax.^  denotes  the  present  value  of  an 
71-year  immediate  temporary  life  annuity  with  pay- 
ments of  one  unit,  then 

ax.^=iEx-\-2Ex-\-sEzJr  •  •  •  -\-nEx 

It  follows  from  formula  (1)  that 

aK*=i(t;ZI+1+»2ZI+2+t«x+8+   .  .  .  +vHx+n)       (2) 

^x 

This  expression  is  called  the  net  value  of  the  annuity  to 
indicate  that  it  is  based  on  interest  and  mortality  only, 
ignoring  expenses  and  business  contingencies. 

Commutation  columns 

The  evaluation  of  temporary  annuities  by  formula 
(2)  for  many  different  terms  and  ages  would  involve 
very  extensive  and  laborious  computations.  Fortu- 
nately, the  calculation  can  be  very  much  simplified 
by  employing  the  ingenious  device  known  as  commu- 
tation columns.  Since  the  value  of  a  fraction  is  not 
changed  by  multiplying  both  numerator  and  denomi- 
nator by  the  same  quantity,  formula  (2)  is  transformed 
by  multiplying  and   dividing  by  vz.     This  gives: 

ax:n.=±-(v*+Hx+l+vx+%+2+   •  •  •  +vz+»lx+n) 

Now,  if  the  symbol  Dx  is  used  to  represent  vzlx,  the 
equation  may  be  written  in  the  form: 


ax:ni=jy  ("z+i+"*+2+ 


+Dx+n) 


Finally,  if  the  symbol  Nx  is  defined  by 


Nx=Dx+Dx+1+Dx+2+ 
it  is  possible  to  write: 


to  end  of  life  table, 


„ Nx+l-Nx+n+1 

ax-.n  -  Dz 

This  is,  in  fact,  formula  III  of  table  P,  page  87.    Simi- 
larly, formula  (1)  on  page  85  can  be  written  in  the  form: 

rp  Lfz+n 

*      X~    Dx 

It  is  clear  that  if  values  of  Dx  and  Nx  are  tabulated 
for  all  ages,  the  net  value  of  a  pure  endowment  or 
temporary  life  annuity  for  any  age  and  term  can  be 
calculated  with  very  little  effort.  The  functions  Dx  and 
iV*  are  members  of  the  class  of  actuarial  functions 
called  commutation  columns.  Although  very  useful  in 
actuarial  calculations,  commutation  columns  are  mere 
mathematical  abstractions — short  cuts  in  computation 
having  no  real  meaning  in  themselves. 


Other  types  of  annuities 

The  expression  for  the  net  value  of  an  immediate 
whole  life  annuity  of  one  per  annum  is  similar  to  formula 
(2)  except  that  the  expression  within  the  parentheses 
is  not  limited  to  n  terms,  but  continues  to  the  end  of 
the  life  table.  By  the  same  process  used  in  the  case 
of  the  temporary  life  annuity,  this  expression  reduces 
to  the  formula: 

Dx 


ax= 


The  net  value  of  an  n-year  temporary  life  annuity  of 
one  per  annum  deferred  m  years  is  given  by: 

m  ax(n==T~    \V         'z+m+l~r#        tx+m+2~r    *     ■     ■     "T"P         tx+m+n) 

Expressed    in    terms    of    commutation    symbols,    this 
becomes: 


N: 


x±m+\- 


-N: 


x+m+n+1 , 


Dz+m  ArT+m+1— N. 


I  x+m+n+\ 


Dx 


Dx 

i-E'zQ'x+myh 


Dx 


This  is  reasonable,  since  an  m-year  pure  endowment  of 
amount  ax+mw  to  an  individual  aged  x  at  the  time  of 
issue,  would  enable  the  purchaser  to  use  the  proceeds 
at  age  x-\-m  to  buy  an  n-year  immediate  temporary 
life  annuity  of  one  per  annum  commencing  at  that  age. 
Therefore,  an  m-year  pure  endowment  of  amount  ax+m:n 
can  provide  benefits  identical  with  those  provided  by 
the  deferred  annuity  represented  by  JOriS).  Adapta- 
tion to  the  case  of  a  deferred  whole  life  annuity  gives 
the  analogous  formula: 


\aT=- 


N: 


x+m+l 


Dx 


=  71 -Ex    O.X+, 


Table  P  provides  a  reference  list  of  formulas  in  terms 
of  commutation  symbols  for  the  present  values  of  the 
more  common  types  of  annuities.  In  all  the  formulas 
in  the  table,  it  is  assumed  that  the  payments  are  of 
one  unit  each,  and  are  made  at  intervals  of  1  year.  In 
connection  with  the  formulas  in  this  table,  it  will  be 
noted  that  the  value  of  an  annuity-due  (of  one  per 
annum)  may  be  obtained  by  adding  unity  to  the  value 
of  the  corresponding  immediate  annuity  in  which  the 
temporary  period  (if  any)  has  been  reduced  by  1  year. 
Thus,  in  the  case  of  whole  life  annuities, 

aJ=l  +  aI 

while  in  the  case  of  temporary  life  annuities, 

B.-x-n  =  1  "T  &x:n— 1 

The  principles  underlying  the  choice  of  symbols  to 
represent  the  different  annuity  values  are  explained  on 
pages  90  and  92. 
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Reference 
number 

DESCRIPTION  OF  ANNUITY 

Age  at  time  of  first 
payment 

Age  at   time  of  last 
payment  (if  annui- 
tant  does   not   die 
previously) 

Symbol  and  formula1  for  value  at  age  x 

I 

Tmrnprtisitp  whnlp  life  annuity 

x+1 

N*H 

II 

Wrin]e  life  annuity-due 

X 

'     D, 

III 

Tmmprlisttp  temporary  life  annuity  for  term  of  n.  years 

x+1 

x-\-n...    

1    Dx    x~"x 

IV 

Temporary  life  annuity-due  for  term  of  n  years.     

X      . 

x-\-n— 1 

•"'■■  n  |                   2), 

N,-Nr+„      ,    , 

,            N?+m+l 

V 

Whole  life  annuity  deferred  m  years. _  .. 

X+TTi+1 

VI 

Temporary  life  annuity  for  term  of  n  years  deferred  m  years 

Forborne  life  annuity  for  term  of  n  years -  _  _ 

x+m+1. ... 

x+m+n 

in  \ar.—,= ^ 

VII 

x—n 

x— 1 

1    *-»l                        flj 
Nz-n-N* 

Bx 

1  On  the  basis  of  annual  payments  of  one  per  annum. 

life  assurances 

A  whole  life  assurance  is  an  agreement  to  pay  a  speci- 
fied sum  upon  the  death  of  a  designated  individual, 
called  the  insured,  regardless  of  when  such  death  may 
occur.  In  a  term  or  temporary  assurance,  the  payment  is 
made  only  if  the  death  occurs  within  a  specified  period. 
In  the  case  of  a  deferred  assurance,  payment  is  made 
only  if  the  death  occurs  after  the  expiration  of  a  speci- 
fied period.  An  endowment  assurance  is  an  agreement  to 
pay  a  specified  sum  either  upon  the  death  of  the  in- 
sured, if  the  death  occurs  within  a  stipulated  period, 
or  at  the  end  of  such  period,  if  the  insured  is  then  alive. 
From  a  strictly  mathematical  point  of  view,  an  endow- 
ment assurance  may  be  regarded  as  the  combination 
of  a  term  assurance  and  a  pure  endowment. 

If  lx  persons  all  exactly  at  age  x  purchase  temporary 
life  assurances  of  one  unit  for  a  period  of  n  years,  and 
if  it  be  assumed  that  claims  are  paid  on  the  birthday 
next  succeeding  the  date  of  death,  the  payments  made 
at  the  end  of  the  first  year  would  total  dx,  and  their 
present  value  would  be  vdx.  Similarly,  the  present  value 
of  the  payments  made  at  the  end  of  the  second  year 
would  be  v2dx+i,  and  so  on  up  to  the  end  of  the  nth  year, 
when  payments  would  be  made  having  a  present  value 
of  vndx+n-i-  The  net  single  premium  for  each  assurance 
(denoted  by  Ax:n)  is  therefore  given  by: 

Alw=r(vdx+v2dx+l+vidx+2+  •  •  •  +vndx+n-1) 
ix 

Upon  multiplying  and  dividing  by  vX)  this  becomes: 
Axm=^r  (if+1dx+v*2dx+1+  •  •  •  +»*+n4+„-i) 

V    ix 

y  using  Cs  to  denote  vx+1dx,  this  can  be  written: 

Al:n\=jy(Cx-\-Cx+i-\-    •    •    •    +CI+n_i) 


Finally,  after  introducing  the  symbol  Mx  defined  by: 

Mx—CxJrCx+l-\-Cx+2Jr   •  •  •  to  end  of  life  table, 
the  formula  becomes: 

Mx—Mx+n 


A\ 

■"X:»l|- 


Dx 


By  a  similar  process,  it  is  easily  found  that,  for  a 
whole  life  assurance, 

Mx 


AT= 


Dx 


while,  for  a  deferred  life  assurance, 

MT<rr. 


>\AX=- 


Dx 


EXA 


x+m 


The  expression  for  the  net  annual  premium  for  a 
whole  life  assurance  (denoted  by  Px)  can  be  obtained 
by  observing  that  the  annual  premiums  constitute  a 
whole  life  annuity-due.  Therefore,  Px  &x=Ax;  whence, 
solving  for  Px, 

M* 
'Nx 


r*     a,     Dx  ■  Dx 


In  the  case  of  a  limited  payment  whole  life  assurance, 
where  the  number  of  annual  premiums  (net  premium 
denoted  by  mPx)  is  limited  to  a  maximum  of  m  years, 
the  equation  to  be  solved  is  mPx &x:m\=Ax,  which  gives: 

P  '—A*  _      M, 

m-Lx         _  AT   AT 

Formulas  for  net  annual  premiums  for  other  types  of 
assurance  contracts  are  similarly  obtained. 

Table  Q  provides  a  reference  fist  of  formulas  in  terms 
of  commutation  symbols  for  single  and  annual  net 
premiums  for  the  more  common  forms  of  life  insurance 
benefits.  In  all  the  formulas  in  the  table,  it  is  assumed 
that  the  sum  insured  is  one  unit,  and  is  payable,  in  case 
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Table  Q/ — Reference  List  of  Formulas  for  Single  and  Annual  Net  Premiums  '  for  Insurance  Benefits 


Reference 
number 


DESCRIPTION  OF  INSURANCE  BENEFIT 


Symbol  and  formula  for  single 
premium 


Symbol  and  formula  for  annual 
premium  2 


I 

II 
III 

IV 

V 

VI 

VII 

VIII 


Whole  life  assurance 

TO-payment3  life  assurance 

■re-year  term  assurance. 

TO-payment3  w-year  term  assurance 

n-year  pure  endowment 

n-year  endowment  assurance.- 

TO-payment 3  m-year  endowment  assurance. 
Whole  life  assurance  deferred  to  years 


M, 


""     D,  — — 

None.. 

i  _ 

Am-  »|= 

Mx- 

-M,+„ 

Dx       

»Exor 

1 

A,r» 

Mx- 

=  -°»+" 

AXX°= 

D.  

-Mi+n+Dz+„ 

Dm 

m\Af 

Dm 

Px= 


Ms 


,PX~ 


P\-r. 


M, 


Nx-Nx+m 


r.P'.T  = 


Pr., 


Nm-Nm+m 


,Px:T- 


Premium*' 


N,-Nx*„ 

Mr-Mx+„+Dn-. 

Nx-Nx+„ 


Nz-Ni+m 

Mx+m 
Nm 


i  On  the  basis  of  a  sum  insured  of  one  unit  payable  on  the  contract  anniversary 
next  succeeding  the  date  of  death. 

2  Premiums  assumed  payable  throughout  the  duration  of  the  contract  unless  other- 
wise specified  in  column  2. 


3  This  implies  that  payments  by  the  insured  continue  until  m  payments  have  been 
made  or  until  death  if  earlier. 

4  There  is  no  accepted  symbol  for  the  annual  premium.   The  formula  given  assumes 
that  premium  payments  begin  immediately. 


of  death,  on  the  anniversary  of  the  insurance  contract 
next  following  the  date  of  death.  It  is  also  assumed,  in 
the  case  of  annual  premiums,  that  they  are  payable  in 
advance:  that  is,  the  first  premium  is  due  at  the  time 
the  contract  is  made;  and  the  last  premium  is  due,  in 
the  case  of  endowments,  1  year  before  the  maturity 
date.  The  principles  underlying  the  choice  of  sym- 
bols to  represent  the  premiums  for  different  types  of 
assurances  are  explained  on  pages  90  and  92. 

The  actual  practice  of  life  insurance  companies  today 
is  to  pay  the  sum  insured  immediately  upon  receipt  of 
proofs  of  death,  and  not  to  wait  until  the  next  contract 
anniversary.  Nevertheless,  it  is  customary  to  calcu- 
late net  premiums  for  life  insurance  on  the  assumption 
stated  in  the  preceding  paragraph,  and  to  include  the 
adjustment  for  immediate  payment  of  claims  in  the  ad- 
dition made  to  the  net  premium  to  provide  for  expenses 
and  contingencies.  If,  however,  it  should  be  desired  to 
include  this  adjustment  in  the  net  premium,  this  can  be 
done  approximately  (on  the  assumption  that  dates  of 
death  are,  on  the  average,  evenly  spaced  over  the  con- 
tract year)  by  multiplying  the  net  premium  obtained 
from  the  formula  by  (1+i)*-*,  where  i  denotes  the  rate 
of  interest  and  k  represents  the  average  period  of  time 
(expressed  as  a  fraction  of  a  year)  required  to  obtain 
complete  proofs  of  death.  As  just  pointed  out,  net 
premiums  obtained  by  these  formulas  do  not  include 
any  allowance  for  expenses  or  contingencies,  and  there- 
fore are  not  comparable  with  the  premiums  actually 
charged  by  life  insurance  companies.  This  is  par- 
ticularly true  of  "participating"  policies,  under  which  a 
refund,  or  so-called  "dividend,"  is  returned  to  the  pol- 
icyholder out  of  each  year's  premium. 

Joint  life  annuities 

A  joint  life  annuity  is  one  under  which  the  payments 
continue  so  long  as  two  or  more  designated  persons  are 


all  alive.  For  example,  a  joint  life  annuity  on  the  lives 
of  three  persons  continues  only  so  long  as  all  three  are 
alive;  it  terminates  as  soon  as  any  one  of  them  dies. 
Suppose  there  are  lxlv  distinct  pairs  of  individuals,  each 
pair  consisting  of  one  person  at  exactly  age  x  and  another 
person  exactly  age  y,  and  that  an  n-year  joint  pure  en- 
dowment of  one  unit  is  issued  on  each  pair  of  lives. 
Such  a  contract  provides  for  payment  of  the  amount 
specified  only  in  case  both  members  of  the  pair  are  alive 
at  the  end  of  the  n-year  period.  This  will  be  true  in 
lx+nlv+n  cases  out  of  the  total  lxly  pairs  of  fives.  There- 
fore, the  net  single  premium  (denoted  by  „EIV)  for  the 
joint  pure  endowment  is  given  by: 


iEx 


V  lx+nl 


x+nt/i/+n 


i-x^y 


(3) 


As  in  the  case  of  single  hfe  annuities,1  a  joint  life 
annuity  can  be  regarded  as  the  sum  of  a  number  of 
joint  pure  endowments.  Thus,  if  aXV:^  denotes  the  net 
value  of  an  n-year  temporary  joint  life  annuity  on  two 
lives  aged  x  and  y, 


^xj/'.n] —  \i-'xv~T  2-t^xyi 


~\-nEx 


Therefore,  substitution  of  formula  (3)  gives: 

aTy:nj  — rTT^z+l'H-l-!-^  'z+2^iH-2~r     •    •    *   ~1~V  Ix+nty+n)  (4) 

t-x^y 

Likewise,  in  the  case  of  a  temporary  joint  fife  annuity 
on  three  fives, 

axyzM=fTj(vh+V'v+V'z+l-irV  'z+2'iH-2'z+2  +   •    •    •    + 
"xvyvz 

V  lx-\-nl'v+n''z+n) 

A  similar  expression  can  be  written  for  any  number  of 
fives. 


i  See  p.  86. 
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It  is  explained  later 2  that  when  joint  life  annuities 
are  calculated  on  the  basis  of  a  mortality  table  which 
follows  Makeham's  law,  any  group  of  ages  on  which  a 
joint  life  annuity  is  based  can  be  replaced  by  a  group 
of  equal  ages.  In  other  words,  if  a  joint  life  annuity 
is  based  on  m  lives  aged  x,  y,  z,  .  .  .  (m),  an  age  w 
can  readily  be  found,  such  that 


(m):n|  —  Q>www 


(m):n\ 


Therefore,  it  is  sufficient,  in  such  a  case,  to  consider 
the  formulas  for  joint  life  annuities  when  the  ages  are 
equal.  When  the  two  ages  x  and  y  are  equal,  formula 
(4)  reduces  to: 


(U2 


axxm=7rY2[v(ix+1y+v2(ix+2y+v3(ix+3y+ 
vn(ix+n)2] 


+ 


By  multiplying  and  dividing  by  if, writing  Dxx  for  vx(lx)2= 
Dxlx,  and  taking  Nxx=Dxx-\-Dx+ux+i+Dz+2:x+2+  •  •  ■  to 
the  end  of  the  life  table,  it  is  easily  shown  that 


O'xx-.nl z 


N, 


x+V.x+V 


■Nt 


x+n+l-.z+n+l 


Dx 


In  the  particular  case  of  a  joint  whole  life  annuity, 
this  reduces  to 

_Nx±Ux+l 
<J/XX  r. 

J-'xx 

while,  for  a  joint  pure  endowment, 

7tt     ■L'x+n-.x+n 

n-E'xx  jn 

Uxx 

and,  for  a  deferred  joint  whole  life  annuity, 


'K 


x+n+l  ■.  x+n+l 

Drr 


-n-tt'xx  0>: 


x+n:x+n 


Similar  expressions  hold  for  three  or  more  lives,  taking 
Dxxx=Dxxlx,  Dxxxx=Dxxxlx,  and  so  on. 

Reversionary  annuities  and  last  survivor  annuities 

A  reversionary  annuity  (or  survivorship  annuity)  "to 
(x)  after  (y)"  is  an  annuity  to  commence  on  the  death 
of  (y)  and  to  continue  thereafter  so  long  as  (x)  is  alive.3 
If  (x)  predeceases  (y),  no  payments  at  all  are  made. 
If  av\x  denotes  the  net  value  of  a  reversionary  annuity 
of  one  per  annum  "to  (x)  after  (y),"  it  is  obvious  that 


lv\x- 


-ax — a. 


(5) 


For,  the  value  ax  provides  an  annuity  during  the  entire 
lifetime  of  (x),  and  the  deduction  of  axv  eliminates  the 
value  of  those  payments  made  while  (y)  also  is  alive. 
Therefore,  the  remainder  is  the  present  value  of  only 
those  payments  which  are  made  during  the  lifetime  of 
(x)  after  the  death  of  (y). 


» See  p.  94. 

s  The  notation  (x)  denotes  "a  specified  individual  at  age  x." 


By  similar  reasoning,  it  is  easily  seen  that 


^yz\x —  &X       ^xyz 


and 


where  aVZ[X  denotes  the  net  value  of  an  annuity  of  odc 
per  annum  commencing  at  the  death  of  either  (y)  or 
(z)  (whichever  occurs  first),  and  continuing  thereafter 
during  the  entire  lifetime  of  (x);  and  az{xv  denotes  an 
annuity  of  one  per  annum  commencing  at  the  death  of 
(2)  and  continuing  thereafter  only  so  long  as  (x)  and 
(y)  are  both  alive. 

A  last  survivor  (or  joint  and  survivor)  annuity  to  (x) 
and  (y)  is  one  which  begins  now  and  continues  so  long 
as  either  (x)  or  (y)  or  both  are  alive.  If  a^,  denotes 
the  present  value  of  a  last  survivor  annuity  of  one  per 
annum  on  the  lives  of  (x)  and  (y),  it  is  clear  that 

&xy^@/]/~T~ Q>v\x==Qjx\   My      &XV 

The  last  expression  was  obtained  from  the  second  by 
substituting  formula  (5)  for  ay\x.  Similarly,  in  the  case 
of  three  lives, 


Q>xy z~~ Q'vz\  Q>v  1 


ljv\xz~ 


- ax  — p ay ~x~ a 2     aXy     Qxz     o^yt ~\  &x 


The  reasoning  which  leads  to  the  second  member  of 
this  equation  is  as  follows.  If  to  a  last  survivor  annuity 
on  the  lives  of  (y)  and  (z)  is  added  a  reversionary 
annuity  to  (x)  after  (y),  the  sum  provides  for  making 
payments  so  long  as  (x)  or  (y)  or  (z)  (or  any  combina- 
tion of  the  three)  is  alive.  However,  it  provides  for 
duplicate  payments  under  one  particular  set  of  condi- 
tions: namely,  when  (y)  is  dead  and  both  (x)  and  (2)  are 
alive.  Hence,  the  subtraction  of  a  reversionary  annuity 
to  (x)  and  (z)  after  (y)  is  exactly  what  is  needed  to 
eliminate  the  duplicate  payments. 

Formulas  for  more  complicated  benefits  can  be 
similarly  obtained .  For  example,  in  the  case  of  formulas 
VI,  XXIII,  and  XXIV  of  table  R  (p.  91),  the  steps 
would  be  as  follows: 

Formula  VI:      . 

^xy  z  ==  ®xz  ~r  &x  \yz== ^xz\   @>yz       O'xyz 

Formula  XXIII: 


»yz\x       ™y\ 


&y\x       &y\xz  —  ("Z       ^xy       Qxzx^x 


Formula  XXIV: 

™z\zy ~=®xyz       az===ax~\~ ay       0>xy       &xi       &yt\   a>xy8 

Relation  between  annuities  and  assurances 

There  is  an  important  general  relationship  between 
the  net  values  of  annuities  and  net  single  premiums  for 
assurances,  which  can  be  stated  as  follows. 

If  a  denotes  the  net  value  of  an  annuity-due  of  one  per 
annum  to  continue  in  effect  during  the  existence  of  a 
given  status,  and  if  A  denotes  the  net  single  premium  for 
an  assurance  providing  for  payment  of  one  unit  on  the 
contract  anniversary  next  following  the  termination-  of  the 
given  status,  then 

A=l—d&  (G) 


90 


UNITED  STATES  LIFE  TABLES  AND  ACTUARIAL  TABLES 


where  d  denotes  the  rate  of  discount  corresponding  to  the 
interest  rate  assumed. 

The  rate  of  discount  may  be  defined  as  the  annual 
amount  of  interest  per  unit  of  principal  when  interest  is 
payable  at  the  beginning,  rather  than  the  end  of  each 
year.     It  is  given  by  the  relations: 

d=i/(l-\-i)=iv=l—v 

This  general  proposition  can  be  demonstrated  as 
follows.  If  one  unit  is  invested  so  as  to  earn  interest 
at  the  rate  i  per  annum,  the  amount  i  will  be  received 
at  the  end  of  each  year.  However,  if  arrangements 
could  be  made  to  receive  the  interest  at  the  beginning 
of  each  year  rather  than  at  the  end,  the  amount  received 
each  year  would  be  the  present  value  of  i  due  1  year 
hence:  that  is,4  iv=d.  Suppose  that  one  unit  is  in- 
vested, under  the  latter  arrangement,  during  the  con- 
tinuance of  the  given  status,  with  the  understanding 
that  the  unit  invested  will  be  withdrawn  at  the  end  of 
the  year  in  which  the  given  status  terminates.  Then 
it  may  be  considered  that  an  immediate  down  payment 
of  one  unit  has  purchased  two  distinct  benefits,  namely: 

(1)  an  annuity-due  of  d  per  annum  during   the 

continuance  of  the  given  status,  and 

(2)  the  right  to  receive  one  unit  at  the  end  of  the 

year  in  which  the  given  status  terminates. 
It  should  be  clearly  understood  that  the  unit  originally 
invested  does  not  become  available  for  withdrawal 
until  the  end  of  the  year  in  which  the  status  terminates 
because  the  interest  paid  in  advance  at  the  beginning 
of  that  year  is  not  fully  earned  until  the  end  of  the  year. 
Now  the  present  value  of  benefit  (1)  is,  by  hypothesis, 
d&,  while  that  of  benefit  (2)  is  A.  Since  the  initial 
payment  must  be  equal  in  value  to  the  benefits  pur- 
chased by  it,  it  follows  that 

l=d&+A 

Upon  transposing,  this  gives  at  once  the  equation  (6). 

A  simple  illustration  is  the  case  in  which  the  given 
status  is  the  survival  of  a  specified  life  (x).  In  this 
case,  formula  (6)  becomes 

Ax=l-dsLz=l-d(l  +  ax) 

Similarly,  when  the  status  is  the  joint  existence  of  two 
lives  (x)  and  (y) 

Axu=l-d(l  +  axv) 

If  the  given  status  is  the  survival  of  (x)  during  a  period 
of  n  years  only,  the  formula  gives: 

Ax:v=l—da*rt=l—d(l+ax.ji=ii) 

If  the  status  in  question  is  the  survival  of  any  one  or 
more  of  three  lives  (z),  (y),  and  (2),  the  relation  is: 

AWz=l—d(l+am) 

Other  examples  appear  among  the  formulas  of  table  R. 

•  Seep.  85. 


As  a  practical  illustration,  consider  the  following 
situation:  A  certain  estate  includes  a  property  of  value 
P,  which  \-ields  an  annual  income  I.  Under  the  terms 
of  the  will,  one  of  the  heirs,  (x),  is  to  receive  the  income 
during  his  lifetime.  After  the  death  of  (x),  another 
heir,  (y),  if  then  alive,  is  to  receive  the  income  as  long 
as  he  lives.  At  the  death  of  the  survivor  of  (x)  and  (y), 
the  title  to  the  property  is  to  pass  to  a  third  heir,  (2), 
or  to  the  estate  of  (2)  if  he  is  not  then  alive.  The 
problem  is  to  determine  the  present  value  of  the  inter- 
ests of  (a;),  (y),  and  (2)  in  the  property. 

It  is  obvious  that  the  value  of  (z)'s  interest  is  Iax,  and 
that  the  value  of  (y)'s  interest  is  Iazv.  The  value  of 
the  combined  interest  of  (x)  and  (y)  is  7(ai+ar|„)  =  /a^. 
On  the  assumption  that  the  income  is  receivable 
annually  at  the  end  of  the  year,  (2)  will  receive,  at  the 
end  of  the  year  in  which  the  survivor  of  (x)  and  (y)  dies, 
1  year's  income  in  addition  to  the  property  itself:  that 
is,  a  total  value  of  P+7.  Therefore,  it  follows  from 
the  general  principle  stated  on  page  89  that  the  present 
value  of  (2)'s  interest  is  (P-j-/)[l-rf(l-ra^)],  where 
d=i-±-{\-\-i),  and  i  represents  the  ratio  I-i-P.  As  a 
check  on  the  consistency  of  these  results,  the  value  of 
the  combined  interest  of  (x),  (y),  and  (2)  can  be  written 
as 

Iarv+(P+I)-I(l±aIi)  =  P 

since    P+7=P(l-f{),    (L+i)d=i,    and  Pi=I.     This 
shows  that  the  present  value  of  the  combined  interest 
of  all  three  heirs  equals  the  value  of  the  property,  as 
would  be  expected. 
Formulas  for  joint  life  benefits 

Table  R  provides  a  reference  list  of  formulas  for  net 
values  of  the  more  common  types  of  joint  life  benefits 
in  terms  of  joint  life  annuities  and  joint  pure  endow- 
ments. In  using  this  table,  it  may  be  helpful  to  realize 
that  the  symbols  used  to  denote  net  values  of  the 
different  types  of  benefits  are  not  merely  arbitrary  but 
follow  definite  rules.  The  symbol  (a;)  denotes  a  speci- 
fied individual  whose  age  is  x.  The  italic  "a"  indicates 
the  present  value  of  an  immediate  annuity;  the  Roman 
"a,"  of  an  annuity-due;  and  the  capital  "A,"  of  an 
assurance.  The  subscripts  to  the  right  of  these  sym- 
bols denote  the  ages  of  the  lives  during  whose  continued 
existence  the  annuity  is  to  be  paid,  or  upon  whose 
death  the  assurance  is  payable.  Unless  otherwise 
indicated,  the  annuity  terminates,  or  the  assurance 
becomes  payable,  upon  the  occurrence  of  the  first 
death  among  the  group  of  lives  indicated.  A  subscript 
with  an  "angle"  (— ])  placed  over  it  denotes  not  an  age 
but  a  term  certain:  that  is,  a  specified  period  of  years 
commencing  at  the  date  of  the  contract.  For  example, 
the  subscript  "12j"  in  the  symbol  a^iz  denotes  a 
12-year  period  starting  at  the  commencement  of  the 
annuity.  The  entire  symbol  represents  the  present 
value  of  an  immediate  annuity  of  one  unit  per  annum 
to  terminate  as  soon  as  (35)  dies  or  as  soon  as  (12) 
"dies,"   whichever   occurs  first.     From   this  point   of 
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Table  R. — Reference  List  of  Formulas,  in  Terms  of  Joint  Whole  Life  Annuities  and  Joint  Pure  Endowments,  For  Net 
Values  of  the  Principal  Types  of  Annuities  and  Assurance  Benefits  Involving  Two  or  More  Joint  Lives 


II 
III 


Reference 
number 

SYMBOL  ' 

Description  2 

Formula  for  net  present  value  or  net  single  premium  » 

JOINT  PURE   ENDOWMENT 

I 

n-*-JXvz..  .(m) 

payable  after  n 

yeais  if  (a;),  (y),  (2),  .  .  .  are  all  alive- 

Vlz+Ju+nlz+n...(m)/lxlJI...(m) 

JOINT  LIFE  IMMEDIATE  ANNUITIES 

n\dxu'...(m)- 
Oltfj...(m):  n    - 


deferred  n  years,  then  payable  until  a  death  occurs 

among  the  lives  (x),  (y),  (2),  .  .  .. 
payable  for  n  years,  or  until  a  death  occurs  among 

the  lives  x,  y,  z,  .  . .,  if  earlier. 


n&xvz...(m)Gz+n:j/+n:z+n:  ...(m) 


..(m)       n\0,zvz...im) 


LAST  SURVIVOR   (OR  JOINT  AND  SURVIVOR)   IMMEDIATE  ANNUITIES 


IV 

payable  until  both  (a:)  and  (y)  are  dead      _ 

"x   1    " y       ™zy 

a,x-\-Q'yJra>z—a>xv—CLxz—a>vtJcQ'zyz 

&xz~r  &yz       Qzyz 

n]®  x\    n|" y        n\"xy 

n\0>x+  n\<LV+  n\dz—  n\(lxv—  n\axz—  n 

n\Q-xz\    n\dyz        n\&xyz 

&x:  n  i  ~t~  &y;  n  \       &zy:  «  ' 

flz:n"|  +  ttj/:T|  +  dz:  ^j  —  &xy\n\  —  Q<xz :  ~n\ 

dzyt'.n  \ 
&xz;  n  I  "T"  ^i/r:  n  ,        &xyz:  n  [ 

V 

payable  until  (x),  (y),  and  (2)  aie  all  dead 

VI 

a~ 

payable  until  the  death  of  either  (2)  or  the  survivor 

of  (x)  and  (y). 
deferred  n  years,  then  payable  until  (x)  and  (y)  are 

both  dead, 
deferred  n  years,  then  payable  until  (x),  (y),  and 

(2)  are  all  dead, 
deferred  n  years,  then  payable  until  the  death  of 

either  (2)  or  the  suivivor  of  (x)  and  (y). 
payable  for  n  years,  or  until  both  (x)  and  (y)  are 

dead,  if  earlier, 
payable  for  n  years,  or  until  (x) ,  (y) ,  and  (2)  are  all 

dead,  if  earlier, 
payable  for  n  years,  or  until  the  death  of  either  (2) 

or  the  survivor  of  (x)  and  (y) ,  if  earlier. 

VII 

.. 

VIII 

. 

. 

IX 

. 

X 

XI 

XII 

, 

JOINT  LIFE  ASSURANCES 


XIII 

^zyz...(m) 

payable   upon 3   the   first   death   among   the   lives 

•   (*).  (y),  (*) 

1  —  d(l  +  axv,..Am)) 

XIV 

payable   upon3   the   first   death   among   the  lives 
(x),  (y),  (2),  .  .  .,  if  this  occuis  after  n  years  have 
elapsed. 

n&xyz.  ,.(m)-f*-x+n:  y+n:  z+n: .,  .(m) 

XV 

AXIJz...(m);n\ 

payable  at 3  the  end  of  n  yeais,  or  after  the  first 
death  among  the  lives  (x),  (y),  (2), .  .  .,  if  earlier. 

payable  at3  the  death  of  the  last  survivor  of  (a;), 
(y),  (2) 

payable  at 3  the  death  of  the  survivor  of  (x)  and 

l—d(l  +  aXUz..Am):^ll) 

XVI 

A-xV.z (m) 

l—d(l+aXVi..A<n)) 

XVII 

n\AxV 

n!-n-lT  n\Au—  n\A.zv 

(y)  if  this  occuis  after  n  years  have  elapsed. 

XVIII 

n  ]  x\.xyz 

payable  at 3  the  death  of  the  last  survivor  of  (x),  (y), 

n\-Ax-\-  nl-"j/T  nl-^i        n|-"n 

n\Ax,       nKijiT 

XIX 

and  (2)  if  this  occurs  after  n  years  have  elapsed, 
payable  at3  the  end  of  n  years,  01  at  the  death  of 

1—  d(l  +  a*»»...(m):^rl) 

n\Axv. 

-^-xy.z . . .  (m) :  n\ 

the  last  survivor  of  (x),  (y),  (2),  .  .  .,  if  earlier. 

REVERSIONARY   (OR  SURVIVORSHIP)   ANNUITIES 


XX 

a„iT 

commencing  at 3  the  death  of  (y)  and  continuing 

thereafter  during  the  life  of  (x). 
commencing  as  soon  as  either  (y)  or  (2)  dies,3  and 

continuing  thereafter  during  the  life  of  (x) . 
commencing  at 3  the  death  of  (2)  and  continuing 

thereafter  so  long  as  (x)  and  (y)  are  both  alive, 
commencing  at 3  the  death  of  the  survivor  of  (y) 

and  (2),  and  continuing  thereafter  during  the  life 

of  (x). 
commencing  at 3  the  death  of  (2)  and  continuing 

thereafter  until  both  (x)  and  (y)  are  dead. 

y*>X        d  xy 

0.x      &xyz 
O-xy       ®xyz 

"  X           »jy           l»  jx      1      t*j^f 

ax-\-au— axu — aXB  — 

XXI 

XXII 

XXIII 

XXIV 

az\ry 

flyiT  fljy; 

1  The  letter  (m)  denotes  the  number  oriives  involved. 

2  The  notations  Or),  (y),  (z)  .  .  .  denote  specified  individuals  at  ages  x,  y,  z,  etc. 

3  These  formulas  assume  that  all  payments  are  of  one  unit  and  are  made  on  contract  anniversaries;  that  annuity  payments  are  made  annually  at  the  end  of  each  year 
which  falls  within  the  term  of  the  annuity;  and  that  assurance  payments  are  made  on  the  anniversary  following  death,  rather  than  immediately  after  death. 
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view,  the  end  of  the  12-year  period  starting  from  the 
commencement  of  the  annuity  is  regarded  as  the 
"death"  of  (12 ).  Similarly,  ^35:53:13  denotes  the  net 
single  premium  for  an  assurance  of  one  unit  pay- 
able upon  the  occurrence  of  the  first  "death"  among 
(35),  (53),  and  (12]).  In  other  words,  if  either  (35)  or 
(53)  dies  within  12  years  from  the  date  of  the  contract, 
the  assurance  is  payable  upon  the  first  death;  other- 
wise, the  payment  is  made  upon  the  "death"  of  (T2J): 
that  is,  at  the  end  of  the  12-year  period.  This  shows 
why  the  addition  of  the  subscript  "n\"  to  an  assurance 
symbol  indicates  (unless  the  symbol  is  otherwise 
modified  at  the  same  time)  an  endowment  assurance 
rather  than  a  temporary  assurance.  These  principles 
are  illustrated  by  formulas  III,  XIII,  and  XV  of  table  R. 

The  notation  "n\"  preceding  an  assurance  or  annuity 
symbol  indicates  that  the  benefit  in  question  is  deferred 
n  years.  For  example,  i2|-435:53  denotes  the  net  single 
premium  for  an  assurance  of  one  unit  payable  on  the 
occurrence  of  the  first  death  among  two  lives  now  aged 
35  and  53,  provided  such  death  occur  after  the  expira- 
tion of  a  period  of  12  years  from  the  date  of  the  contract. 
This  notation  is  illustrated  by  formulas  II  and  XIV  of 
table  R. 

A  horizontal  bar  placed  over  a  group  of  subscripts 
representing  ages  denotes  the  last  survivor  of  the 
corresponding  group  of  lives.  For  example,  A^-^^ 
denotes  the  net  single  premium  for  an  assurance  of  one 
unit  payable  on  the  death  of  the  last  survivor  of  three 
fives  now  aged  35,  53,  and  67,  and  035^3:24  denotes  the 
net  present  value  of  an  immediate  annuity  of  one  unit 
per  annum  which  terminates  either  on  the  death  of  a 
life  now  aged  24  or  on  the  death  of  the  survivor  of 
two  lives  now  aged  35  and  53,  whichever  occurs  first. 
This  notation  is  illustrated  by  formulas  IV  to  XII  and 
XVI  to  XIX  of  table  R. 

A  vertical  line  separating  into  two  groups  the  sub- 
scripts to  the  right  of  an  annuity  symbol  indicates  that 
the  annuity  is  to  commence  at  the  death  indicated  by 
the  subscripts  which  precede  the  vertical  line,  and  is 
to  terminate  at  the  death  indicated  by  the  subscripts 
which  follow  the  vertical  line.  For  example,  035^3124:67 
denotes  the  net  present  value  of  an  annunity  of  one  unit 
per  annum  to  commence  on  the  death  of  the  survivor 
of  two  lives  now  aged  35  and  53  and  to  terminate  on 
the  death  of  either  of  two  lives  now  aged  24  and  67, 
whichever  occurs  first.  Of  course,  if  either  of  the  latter 
two  lives  should  predecease  the  survivor  of  the  first 
two,  no  payments  would  be  made  under  the  annuity. 
Similarly,  035:53124767  denotes  the  net  present  value  of  an 
annuity  of  one  unit  per  annum  to  commence  on  the 
death  of  either  of  two  lives  now  aged  35  and  53,  which- 
ever occurs  first,  and  to  terminate  on  the  death  of  the 
survivor  of  two  lives  now  aged  24  and  67.  If  the 
survivor  of  the  latter  two  lives  should  predecease  both 
the  first  two,  no  payments  would  be  made.  This 
notation  is  illustrated  by  formulas  XX  to  XXrV  of 
table  R      It  will  be  noted  that  the  table  does  not  con- 


tain a  formula  for  last  survivor  annuities  analogous  to 
formula  II  or  a  formula  for  last  survivor  assurances 
analogous  to  formula  XIV.  This  is  because  such 
formulas  do  not  hold.6 

The  symbol  which  represents  the  net  single  premium 
for  a  joint  pure  endowment  (formula  I  of  table  R)  fol- 
lows somewhat  different  principles.  The  main  part  of 
the  symbol  is  a  capital  "E."  The  subscript  to  the  left 
of  the  "E"  denotes  a  period  of  years  starting  from  the 
date  of  the  contract,  at  the  end  of  which  (if  at  all)  the 
endowment  is  to  be  paid,  while  the  subscripts  following 
the  "E"  represent  the  ages  of  the  various  lives  who 
must  all  survive  the  stated  period  as  the  necessary 
condition  for  payment  of  the  endowment.  For  ex- 
ample, 12^35:53:67  denotes  the  net  single  premium  for  a 
contract  to  pay  one  unit  at  the  end  of  12  years  if  three 
fives  now  aged  35,  53,  and  67  are  all  alive  at  that  time. 

Formulas  for  temporary  assurances  are  not  given  in 
table  R.  In  any  given  case,  the  net  single  premium 
for  a  temporary  assurance  is  obtained  by  subtracting 
the  corresponding  pure  endowment  premium  from  the 
corresponding  endowment  assurance  premium. 

B.  ARRANGEMENT  AND  USE  OF  THE 
ACTUARIAL  TABLES 

Elementary  values 

In  using  actuarial  functions  derived  from  a  life 
table,  it  is  highly  desirable  to  have  the  various  mathe- 
matical relationships  between  the  different  functions 
hold  as  precisely  as  possible.  Since  the  commutation 
columns,  from  which  most  jother  actuarial  functions  are 
derived,  are  based  directly  on  the  lx  and  dx  columns,  the 
desired  mathematical  consistency  is  most  readily  ob- 
tained by  regarding  lz  (rather  than  qx)  as  the  basic 
column  of  the  table  and  deriving  the  others  from  it. 
This  has  been  done  in  the  tables  of  elementary  values 
included  with  the  actuarial  tables  (tables  14,  25,  and 
38),  with  the  result  that  many  of  the  values  shown  in 
these  tables  differ  very  slightly,  in  the  case  of  white 
males  and  white  females,  from  the  corresponding  fig- 
ures in  the  life  tables  of  part  II  (tables  5  and  6).  A 
detailed  statement  concerning  these  differences  is 
given  in  the  appendix  6  in  connection  with  the  account 
of  methods  of  construction  of  the  actuarial  tables. 
The  values  given  in  the  makehamized  mortality  table 
for  total  whites  (table  38)  naturally  differ  to  a  much 
greater  extent  from  the  corresponding  values  in  the  life 
table  previously  given  (table  4) ,  since  the  makehamized 
table  constitutes  a  different  graduation  of  the  data. 

In  all  three  cases,  the  tables  of  elementary  values 
included  with  the  actuarial  tables  give  the  rate  of 
mortality  on  a  unit  basis  (rather  than  a  "per  1,000" 
basis),  for  convenience  in  making  mathematical  calcu- 
lations.    The  average  future  lifetime  and  the  functions 


>  Spurgeon,   E.   F.,  Life    Contingencies,   third   edition,  pp.  267-26S,    Cambridge 
University  Press,  London,  1938. 
"  See  p.  137. 
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relating  to  the  stationary  population  are  not  shown; 
however,  two  additional  functions  are  given  which 
did  not  appear  in  the  life  tables  of  part  II.  These  are 
the  probability  of  survival  px  and  the  force  of  mor- 
tality fix. 

The  probability  of  survival,  or  survival  rate,  is  the 
complement  of  the  rate  of  mortality;  in  algebraic  terms, 
px=\  — qx.  In  other  words,  it  is  the  proportion  of 
individuals  at  a  given  exact  age  who  survive  exactly 
1  year. 

The  force  of  mortality,  or  instantaneous  rate  of  mor- 
tality, at  age  x  "represents  the  annual  rate  at  which  the 
community  under  review  is  dying  at  the  moment  of 
attaining  age  x." 7  Expressed  in  slightly  different 
language,  it  is  "the  proportion  of  persons  of  that  age 
who  would  die  in  a  year,  if  the  intensity  of  mortality 
remained  constant  for  a  year,  and  if  the  number  of 
persons  under  observation  also  remained  constant,  the 
places  of  those  who  die  being  constantly  occupied  by 
fresh  lives."  8  In  the  language  of  mathematics,  nx  is  the 
negative  of  the  derivative  of  lx  with  respect  to  x, 
expressed  as  a  ratio  to  lx  itself.  The  values  of  the  force 
of  mortality  are  useful  in  evaluating  annuities  and  other 
benefits  involving  two  or  more  joint  lives,  as  will  be 
explained  later.9  In  the  case  of  the  makehamized 
table,  the  radix  has  been  taken  as  1,000,000  rather 
than  100,000  in  order  to  retain  one  more  significant 
figure  and  thus  take  full  advantage  of  the  additional 
smoothness  resulting  from  the  Makeham  graduation. 

Use  of  the  actuarial  tables  in  calculating  single  life 
annuity  values  and  net  premiums  for  life  insurance 
benefits 

The  actuarial  tables  based  on  the  life  tables  for  white 
males  and  white  females  (tables  14  to  35)  provide  the 
means  of  calculating  all  values  ordinarily  required  for 
actuarial  purposes,  on  the  basis  of  the  five  interest  rates 
for  which  tables  are  given.  The  commutation  columns 
(tables  15  to  19  and  26  to  30)  are  purely  mathematical 
devices  which  represent  steps  in  the  computation  of 
annuity  values,  net  premiums,  policy  values,  and  other 
actuarial  figures.  Their  usefulness  lies  entirely  in 
shortening  the  arithmetic:  they  are  not  susceptible  of 
any  concrete  interpretation  which  is  useful  in  other  than 
exceptional  cases.  In  using  the  tables  of  commutation 
functions,  the  reference  lists  of  formulas  given  in  tables 
P  and  Q  (pp.  87  and  88)  may  be  helpful. 

Net  values  of  immediate  whole  life  annuities  and 
net  premiums  for  whole  life  assurances  have  been 
calculated,  and  are  given  in  tables  20  to  24  and  31  to 
35.  These  are  the  simplest  forms  of  annuity  and 
assurance,  respectively,  and  correspond  to  the  formulas 

'  Australia  Census  Bureau,  Census  of  the  Commonwealth  o]  Australia,  3rd  April' 
1911,  vol.  1,  Statistician's  Report,  p.  319,  McCarron,  Bird  and  Co.,  Melbourne,  1917. 
The  definition  quoted  was  written  by  Sir  George  Knibbs,  Commonwealth  Statis- 
tician. 

•  King,  George,  Institute  of  Actuaries'  Text  Book  of  the  Principles  of  Interest,  Life 
Annuities,  and  Assurances,  and  Their  Practical  Application,  Part  II,  Life  Contin- 
gencies, second  edition,  p.  24,  Charles  and  Edwin  Layton,  London,  1902. 

» See  p.  94. 
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appearing  in  line  number  I  of  tables  P  and  Q.  For- 
mulas for  dealing  with  varying  annuities  and  assurances, 
and  other  benefits  of  a  more  complicated  character, 
will  be  found  in  the  standard  textbooks  on  actuarial 
theory.10 

The  use  of  tables  14  to  35  and  the  application  of  the 
formulas  given  in  tables  P  and  Q  are  illustrated  by  the 
following  numerical  examples. 

Example  1 . — Find  the  present  value  at  2  percent 
interest  of  an  immediate  whole  life  annuity  of  $400  per 
annum  payable  to  a  white  female  now  aged  63. 

Solution. — As  this  is  an  immdeiate  whole  life  annuity, 
it  is  not  necessary  to  employ  commutation  columns, 
and  the  present  value  per  dollar  of  annual  payment  can 
be  obtained  directly  from  table  31.  There  it  is  found 
that  the  value  in  question  is  $11.9366  per  dollar  of 
annual  payment.  Multiplying  this  figure  by  400 
gives  $4,774.64  as  the  total  present  value  of  the  annuity. 

Example  2. — Find  the  present  value  at  3  percent 
interest  to  a  white  male  now  at  age  41  of  a  deferred 
life  annuity  of  $1,200  per  annum,  the  first  payment  to 
be  made  at  age  65. 

Solution. — As  this  is  a  deferred  whole  life  annuity, 
formula  number  V  in  table  P  is  the  correct  one  to  use. 
As  the  first  payment  is  made  at  age  65,  z+ra+l  =  65, 
while  i=41.    Therefore  the  total  present  value  is: 

$1,200^ 

Table  17  shows  that  N65= 86,352:4  and  DiX= 25,725. 
Substituting  these  values  in  the  above  formula  gives 
$4,028.10  as  the  total  present  value  of  the  deferred 
annuity. 

Example  8. — Find  the  net  annual  premium  for  a 
whole  life  assurance  of  $2,500  on  a  life  aged  37  on  the 
basis  of  1939-1941  mortality  of  United  States  white 
males  at  2%  percent  interest. 

Solution. — The  net  annual  premium  per  dollar  of 
insurance  is  taken  directly  from  table  21,  the  value 
being  $0.02118.  Multiplying  by  2,500  gives  $52.95 
as  the  total  net  annual  premium. 

Example  4- — Find  the  net  single  premium  at  age 
43  for  a  20-year  endowment  assurance  of  $5,000  on 
the  basis  of  1939-1941  mortality  of  United  States 
white  males  at  2  percent  interest. 

Solution. — Applying  the  formula  in  line  number  VI 
of  table  Q  gives  for  the  net  single  premium: 


$5,000 


M43— Mta+Dn 
Di3 


Reference  to  table  15  shows  that  M43=21,532.60, 
M63=  13,805.08,  Z>„=36,463,  and  D63=  17,907.  Sub- 
stituting these  values  in  the  above  formula  gives 
$3,515  as  the  total  net  single  premium. 

">  Menge,  Walter  O.,  and  Glover,  James  W.,  An  Introduction  to  the  Mathematics  of 
Life  Insurance,  The  Macmillan  Co.,  New  York,  1935;  Mackenzie,  M.  A.,  and  Shep- 
pard,  N.  E.,  An  Introduction  to  the  Theory  of  Life  Contingencies,  The  University  of 
Toronto  Press,  Toronto,  1931;  Spurgeon,  op.  cit. 
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Use   of  the   actuarial  tables   in   evaluating  joint  life 
annuities 

The  calculation  of  the  values  of  joint  life  annuities 
is  greatly  facilitated  when  it  is  possible  to  use  a  mortality 
table  which  follows  the  mathematical  formula  known  as 
Makeham's  law.11  A  Makeham  graduation  of  the  life 
table  for  total  whites  in  the  United  States  in  1939-1941 
has  been  prepared  and  appears  as  table  38,  page  80. 
Tables  36  and  37,  and  39  to  42  also  contain  values 
relating  to  or  derived  from  this  mortality  table.  The 
life  table  for  total  whites  was  used  for  this  purpose, 
rather  than  the  separate  tables  for  white  males  and 
white  females,  because  it  appeared  that  joint  life  values 
based  on  the  total  white  population  would  be  useful 
for  certain  purposes,  and  because  serious  technical 
difficulties  were  encountered  in  attempting  to  graduate 
by  Makeham's  law  the  separate  life  tables  for  males  and 
females.12  On  pages  97  to  99,  a  method  is  given  by 
which  the  values  of  joint  life  annuities  based  on  the 
life  tables  for  the  separate  sexes  can  be  closely  approxi- 
mated. 

The  simplification  in  the  calculation  of  joint  life  an- 
nuity values  resulting  from  the  use  of  a  mortality  table 
which  follows  Makeham's  law  arises  from  the  fact  that 
it  is  necessary  to  tabulate  only  the  values  of  joint  life 
annuities  on  lives  of  equal  age.  This  is  feasible  because 
it  is  easy  to  determine  from  any  given  set  of  m  ages, 
x,  y,  z,  etc.,  an  "equivalent  equal  age,"  w  such  that  a 
joint  life  annuity  on  m  lives  all  at  age  w  has  the  same 
value  as  a  similar  joint  life  annuity  on  m  lives  at  the 
ages  originally  given.  For  example,  on  the  basis  of  the 
makehamized  mortality  table  included  in  this  volume,  it 
is  found  that  a  joint  life  annuity  on  three  lives  aged  27, 
38,  and  43  is  equal  in  value  to  a  joint  life  annuity  on 
three  lives  all  aged  37.75  years.  Tables  39  to  42  give 
the  values  of  immediate  whole  life  annuities  for  single 
lives,  and  for  two,  three,  and  four  joint  lives  of  equal 
age,  with  interest  at  2,  2%,  3,  and  4  percent. 

The  most  generally  applicable  method  of  arriving  at 
the  equivalent  equal  age  involves  the  force  of  mortality. 
A  mortality  table  which  follows  Makeham's  law  has 
the  property  that  the  value  of  the  force  of  mortality 
at  the  equivalent  equal  age  corresponding  to  a  given 
set  of  ages  is  exactly  the  arithmetic  average  of  the 
values  of  the  force  of  mortality  at  the  given  ages.  For 
example,  in  the  illustration  previously  given,  suppose 
it  is  required  to  find  the  present  value  at  2%  percent 
interest,  on  the  basis  of  the  makehamized  mortality  table 
given  in  this  volume,  of  an  immediate  joint  whole  life 
annuity  of  one  per  annum  on  three  lives  aged  27,  38, 
and  43.  Reference  to  the  last  column  of  table  38  shows 
that  /i27  =  . 00212,  ^38=  .00385,  and  P43=.00540.  Adding 
these  three  values  and  dividing  by  3  gives  /jlu=. 00379, 
where  w  denotes  the  equivalent  equal  age.  Since 
/i37=. 00361  and  (jl3&=  .00385,  it  is  clear  the  w  is  an  age 


between  37  and  38.     In  order  to  determine  the  exact 
fraction,  interpolation  is  used.     Thus, 

.00379-. 00361 


.00385 -.00361 
so  that  w=37.75.     Therefore, 


.75 


»  Also  called  Makeham's  first  modification  of  Gompeitz's  law. 
»  See  p.  138. 


027:38:43  —  ^37 .75:37.75:37 .75 

Now,  table  40  shows  that  037^.37=  16.2201  and  038*8:38= 
15.8127.  Interpolation  gives:  a37.75;37.75:37.75=16.2201  — 
.75(16.2201  — 15.8127)  =  15.9146,  which  is  the  desired 
result. 

When  there  are  only  two  lives,  it  is  more  accurate. 
and  usually  more  convenient,  to  use  the  principle  of 
uniform  seniority,  as  embodied  in  table  37.  For  example, 
let  it  be  required  to  find  a35:5i  at  3  percent  interest. 
The  difference  between  the  two  ages,  35  and  51,  is 
16  years.  Upon  entering  table  37  with  this  difference 
of  16  years,  10.622  years  is  obtained  as  the  addition 
which  must  be  made  to  the  younger  age  in  order  to 
obtain  the  equivalent  equal  age.  Adding  10.622  to  35 
gives  45.622.    Reference  to  table  41  shows  that 

035:51  =  O45  .622^45 .622  =14.2012  — 

.622    (14.2012  — 13.8180)  =  13.9628 

The  other  method,  using  the  values  of  nz,  would  give 
Mtt=  .'£(.00320  +  . 00986)  =  .00653,  whence  w=45.604,  and 
035:51  =  045.604:45.604  =  13.9697.  The  difference  in  the  re- 
sults is  due  to  the  fact  that  linear  interpolation  between 
the  values  of  Hz  is  a  less  accurate  means  of  finding  the 
equivalent  equal  age  than  the  table  of  uniform  seniority. 

It  is  also  possible  to  deal  with  four  lives  by  repeated 
applications  of  the  principle  of  uniform  seniority.  For 
example,  if  the  ages  of  the  four  lives  are  23,  35,  39,  and 
57,  it  is  found  from  table  37  that  the  equivalent  equal 
age  corresponding  to  the  two  ages  23  and  35  is  30.523, 
while  that  corresponding  to  ages  39  and  57  is  51.258. 
Now  the  difference  between  30.523  and  51.258  is 
20.735,  and  interpolation  gives  14.575  as  the  addition  to 
be  made  to  the  younger  age.  Adding  this  quantity  to 
30.523  gives  45.098  as  the  equivalent  equal  age  for  the 
four  lives.  The  result  obtained  by  averaging  the  four 
values  of  y.z  is  45.099.  The  corresponding  immediate 
whole  life  annuity  values  at  3  percent  are  10.9172  and 
10.9169,  respectively.  With  four  lives,  the  averaging 
method  is  slightly  simpler,  but  of  course  slightly  less 
accurate. 

The  application  of  the  uniform  seniority  principle  to 
three  lives  is  inconvenient,  and  requires  special  tables 
which  have  not  been  included  in  this  volume.  Of 
course,  in  this  case,  the  method  based  on  averaging  the 
p.z  values  can  be  used. 

The  principle  of  uniform  seniority  does  not  hold  for 
reversionary  and  last  survivor  annuities.13  Values  of 
such  annuities  must  first  be  expressed  in  terms  of 
simple  joint  life  annuities,  to  which  the  uniform  seniority 
principle  can  then  be  applied. 

'3  Spurgeon,  op.  cit.,  pp.  265-266. 
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Evaluation  of  joint  life  annuities  involving  ages  under  17 

The  makehamized  mortality  table  included  in  this  vol- 
ume follows  Makeham's  law  only  at  ages  17  and  over. 
Therefore,  if  one  or  more  lives  in  the  group  are  at  ages 
under  17,  neither  of  the  methods  described  in  the  pre- 
ceding section  gives  the  correct  annuity  value.  In  such 
a  case,  either  of  two  procedures  may  be  adopted:  an 
exact,  but  laborious  method;  and-  a  shorter  method, 
which  is  not  exact  but  yields  a  close  approximation. 
In  the  exact  method,  the  annuity  in  question  is  ex- 
pressed as  the  sum  of  a  temporary  annuity  and  a  de- 
ferred annuity.  Thus,  if  the  ages  are  x,  y,  z,  .  .  . 
(m),  and  if  h  denotes  the  difference  between  the  age  of 
the  youngest  life  and  17,  then 

•  (m):A:   i~  wflxyz 


"xyl 


(m) 


=a. 


im) 


Here  the  temporary  annuity  axyz . . .  lvl):h\  is  limited  to  a 
maximum  of  h  payments,  and  its  value  is  given  by: 


;L^x+i'h-i'z+i 


(m)  + 


lxlvlt  .  .  .  (m) 

vHx+2lv+2h+2  .  .  .  (m) 

+   .  .  .  +vhlx+hlv+hlz+h  •  •  ■  (m)]  (7) 

In  order  to  evaluate  this  expression,  it  is  necessary  to 
compute  each  of  the  h  individual  terms  within  the 
bracket,  sum  them,  and  then  divide  by  the  product  of 
the  lx  values.  The  deferred  annuity  j,\axyz  .  .  .  {m)  con- 
sists of  payments  commencing  at  the  end  of  h-\-\  years, 
and  then  only  if  all  m  lives  have  survived  that  period. 
Its  value  is  given  by 


yh  tz+j/y+j/z+ft    •    .    •     (m) 


vivyvz 


■  (m) 


&X+h:i/+h:z+7i: 


(m) 


(8) 


In  evaluating  both  these  expressions,  the  powers  of  v 
can  be  obtained  from  compound  interest  tables;  and  the 
annuity  value  involved  in  the  last  expression  can  be 
calculated  by  the  method  of  the  preceding  section,  since 
it  involves  only  ages  17  and  over.  For  convenience,  the 
powers  of  v  as  far  as  v17  are  given  in  table  S  for  the  four 
rates  of  interest  for  which  joint  life  annuity  values  ap- 

Table  S.- — Present  Value  at  Compound  Interest  of  One 
Unit  Due  After  t  Years,  Interest  at  2,  2%,  3,  and  4 
Percent 


NUMBER  OF  TEAKS   (0 

PRESENT  VALUE  0 

F  ONE   V>=(X+i)~> 

2  percent 

0. 980392 
.961169 
.  942322 
.  923845 
. 905731 

.  887971 
.  870560 
.  853490 
. 836755 
.  820348 

.  804263 
. 788493 
.  773033 
.  757S75 
.  743015 

. 728446 
.714163 

2H  percent 

3  percent 

4  percent 

1 

0.  975610 
.951814 
.  928599 
.  905951 
.  883854 

. 862297 
.841265 
.  820747 
. 800728 
.781198 

.762145 
.  743556 
.  725420 
.  707727 
.  690466 

.  673625 
. 657195 

0. 970874 
.  942596 
.915142 
.  888487 
.  S62609 

.  837484 
.813092 
.  789409 
.766417 
.  744094 

.  722421 
. 701380 
. 680951 
.661118 
. 641862 

.  623167 
.  605016 

0.  961538 

2 _ 

3 

.  924556 
.  888990 

4 _ 

5___ _ 

6 

.  854804 
. 821927 

.  790315 

7 

8.. 

9 

. 759918 
.  730690 
.702587 

10 

11 

12 

.  675564 

.  6495S1 
.  624597 

13 

.  600574 

14 

15. 

16.. 

17 

.  577475 
.  555265 

.  533908 
.  513373 

pear  in  tables  39  to  42.  Values  beyond  v17  never  occur 
in  the  expressions  (7)  and  (8)  since  17  years  is  the  maxi- 
mum duration  of  the  temporary  annuity. 

As  a  numerical  illustration,  let  it  be  required  to  find 
the  present  value  at  2  percent  interest  of  an  immediate 
joint  whole  life  annuity  of  one  per  annum  on  three  joint 
lives  aged  5,  10,  and  20.  Now,  the  difference  between 
the  youngest  age  and  1*7  is  12  years;  therefore,  the  tem- 
porary annuity  will  run  for  12  years  and  the  deferred 
annuity  will  have  a  12-year  deferment  period.  Table 
T  shows  the  calculation  of  the  temporary  annuity.  The 
main  part  of  this  table,  which  appears  under  the  cap- 
tion "numerator,"  represents  the  calculation  of  the 
expression  within  the  square  brackets  in  formula  (7). 
The  figures  in  column  6  of  the  table  are  the  numerical 
values  of  the  successive  terms  in  this  expression,  the 
figures  in  columns  2  to  5  being  the  factors  which  must 
be  multiplied  together  in  order  to  obtain  the  value  in 
column  6.  For  example,  the  sixth  line  (which  corre- 
sponds to  the  sixth  term  inside  the  brackets)  shows  the 
calculation  of  the  product  v^luli^.  Here,  the  sub- 
scripts of  the  "Vs",  11,  16,  and  26  have  been  obtained 
by  adding  6  to  each  of  the  original  ages  5,  10,  and  20. 
The  values  are  obtained  from  table  38.  The  powers  of 
v  are  taken  from  table  S.  The  "total"  figure  in  column 
6  of  table  T  is  the  numerical  value  of  the  entire  expres- 
sion within  the  brackets  in  formula  (7).  The  line  under 
the  heading  "denominator"  shows  the  calculation  of 
the  denominator  of  the  fraction  outside  the  brackets, 
and  the  final  figure  (10.3078)  in  column  6  is  the  value 
of  the  temporary  annuity. 

By  formula  (8),  the  deferred  annuity  is  equal  to 


'5no'20 


"^17:22:32 


Table  T. — Calculation  of  Present  Values  of  a  12-Year 
Immediate  Temporary  Joint  Life  Annuity  of  One  Per 
Annum  on  Three  Joint  Lives  Aged  5,  10,  and  20:  Makeham- 
ized Mortality  Table  for  Total  Whites  in  the  United 
States,  1939-1941,  Interest  at  2  Percent 


NUMBER    OF    PAY- 
MENT (0 

(1) 

(2) 

h+t 
(3) 

hd+t 
(4) 

ho+t 

(5) 

10-1=  X 

product  of 

columns 

2  to  5 

(6) 

COMPUTA 

TION  OF  NU1 

JERATOR 

1... 

0. 980392 
.  961169 
.  942322 
.  923845 
. 905731 
.  887971 

.  870560 
.  853490 
.  836755 
.  820348 
.  804263 
.  788493 

945, 953 
944, 909 
943, 907 
943, 098 
942, 276 
941, 473 

940, 595 
939, 637 
938. 594 
937.  464 
936,  242 
934, 926 

941,473 
940,  595 
939, 637 
938,  594 
937, 464 
936, 242 

934, 926 
933,  509 
932, 055 
930,  561 
929,  023 
927, 436 

929, 023 
927.  436 
925,  796 
924,  099 
922, 338 
920, 510 

918,  606 
916.  621 
914, 546 

912.375 
910. 099 
907,  707 

811.155 

2     . 

792, 276 

3 

773.  S05 

4 

755.  705 

5. 

737,942 

6 

720, 4S2 

7 -. 

703. 247 

8 

686, 226 

9 

669,  45S 

10 

652, 936 

11 

636,  651 

12 

Total    of   nu- 

8, 560.  473 

COMPUTAT 

ION  OF  nEX( 

nilXATOR 

0-— 

1.000000 

947, 129 

942,  276 

930,561 

B30,  488 

Quotient:  (as:i0:20:i2i)  8,500,473+S30,480  equals. 
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The  arithmetic  can  be  shortened  by  observing  that  the 
numerator  of  the  fraction  in  this  expression  is  identical 
with  the  final  term  within  the  brackets  in  the  expres- 
sion for  the  temporary  annuity  (and  therefore  with  the 
twelfth  entiy  in  column  6  of  table  T),  while  the  de- 
nominator is  the  same  as  the  denominator  of  the  tem- 
porary annuity.  Therefore,  the  value  of  the  fraction 
is  620,590-3-830,486,  or  .747261.  Since  the  annuity 
ai-:22:32  involves  no  ages  under  17,  it  can  be  evaluated 
by  the  method  of  the  preceding  section,  in  which  the 
equivalent  equal  age  is  obtained  by  taking  the  arith- 
metic average  of  mit,  M22,  and  ^32-  This  gives  nu=. 00198, 
from  which  the  equal  age  1/;  is  found  by  interpolation 
to  be  25.44.  Interpolating  in  table  39  then  gives 
0,^=22.2995.  It  follows  that  the  value  of  the  de- 
ferred annuity  is  .747261  X  22.2995  or  16.6635;  and 
finally  the  desired  value  a5:in:2o  is  the  sum  of  the  values 
of  the  temporary  annuity  and  the  deferred  annuity: 
that  is,  10.3078  +  16.6635,  which  gives  26.9713. 

In  the  short  method,  the  entire  whole  life  annuity 
is  first  evaluated  by  finding  an  equivalent  equal  age, 
in  much  the  same  way  as  when  no  life  below  age  17 
is  involved,  and  the  value  is  then  corrected  by  means 
of  the  adjustment  factors  rx  given  in  table  U.  If  two 
or  four  lives  are  involved,  this  approximate  value  may 
be  obtained  from  the  table  of  uniform  seniority  (table 
37,  p.  80)  as  explained  on  page  94.  If  the  number  of 
lives  is  other  than  two  or  four,  the  equal  age  for  the 
approximate  annuity  value  is  obtained  from  the  values 
of  fiz  as  follows: 

Fust,  add  h  to  each  of  the  ages  x,  y,  z,  .  .  .  (m),  where 
h  is  the  difference  between  17  and  the  youngest  age. 
Next,  find  the  equal  age  w'  for  these  augmented  ages 
by  averaging  the  corresponding  values  of  nz  as  explained 
on  page  94.  Then  the  equal  age  for  the  approximate 
annuity  value  auv:u: .  .  .  (m)  is  w=w'—h. 

This  approximate  annuity  value  is  then  adjusted  by 
the  formula: 


(r.)' 


im) " 


rxryrt...  (m) 


<»71) 


(9) 


approximately.  The  adjustment  factor  rx  is  defined  as 
lx-^-\x,  where  \x  denotes  the  value  which  would  be  ob- 
tained for  lx  by  the  Makeham  formula.  Therefore,  rx 
equals  unity  at  ages  17  and  above.  This  method  is 
due  to  George  King  who  has  given  a  full  explanation 
of  the  rationale  of  the  method.14 

Taking  as  an  illustration  the  same  numerical  example 
previously  used,  the  addition  of  12  years  to  the  original 
ages  5,  10,  and  20  gives  17,  22,  and  32.  The  equal  age 
corresponding  to  these  three  ages  is  found,  just  as  in 
the  evaluation  of  the  deferred  annuity  in  the  other 
method,  to  be  25.44.    Subtracting  12  years  gives  13.44 

»  King,  op.  cit.,  pp.  208-212.  King's  warning  against  using  this  approximation  in 
connection  with  ages  below  15  does  not  apply  to  the  makehamized  table  published 
in  this  volume,  since  the  present  table  follows  Makeham's  law  down  to  a  much 
younger  age  than  the  mortality  table  to  which  King  was  referring. 


Table  U. — Adjustment  Factors  foe  Estimating  Values  or 
Joint  Life  Annuities  Involving  Lives  Under  Age  17: 
Makehamized  Mortality  Table  for  Total  Whites  in  the 
United  States,  1939-1941 


ADJUSTMEXT  FACIOB 


I 

r, 

0.... 

1  04640 

l.._ 

1  00248 

2 _ 

3 

.99779 

4 

.99722 

5.. _ 

.99702 

6 

7 

.99712 

8 _._ 

99737 

9 

.99772 

10. ._ 

99813 

11 __. 

y..-. 

12 

.99898 

13 

...    . 

14. _ __ 

15.... 

-     -■ 

16 

17  and  over 

1.00000 

CO' 


(m)" 


rxrvrt 


(m) 


(m),    approximately. 


for  the  equivalent  equal  age  w.  By  interpolating  in 
table  U,  ?v  is  found  to  be  .99943;  while  interpolation  in 
table  39  gives  aKKU= 26.9030.  Formula  (9)  then 
becomes: 

(ru)3 


^5:1020'- 


-a. 


r5  ?"  10  r20 


which,  on  substituting  the  numerical  values,  gives 
26.9878  as  the  final  result.  This  compares  favorably 
with  the  value  26.9713  obtained  by  the  exact  method, 
and  of  course  involves  much  less  computation. 

Table  W  presents  a  comparison  of  the  values  of  whole 
life  annuities  on  two  joint  lives  computed  at  3  percent 
interest  for  various  combinations  of  ages  by  both  the 
exact  and  approximate  method .  This  comparison  shows 
that,  at  least  in  the  case  of  two  lives,  the  approximate 
method  always  gives  sufficiently  accurate  results  for 
most  practical  purposes.  Any  increase  in  the  number 
of  lives  would  decrease  the  value  of  the  annuity,  and 
therefore  would,  in  general,  reduce  further  the  range  of 
error. 

Table  W. — Comparison  of  Whole  Life  Annuitt  Values  on 
Two  Joint  Lives,  Computed  bt  Exact  and  Approximate 
Methods:1  Makehamized  Mortality  Table  for  Total 
Whites  in  the  United  States,  1939-1941,  Interest  at 
3  Percent 


AGE  OF  TOrsGEE  LIFE 

AGE  OF 
OLDER 
LIFE 

0 

5                                   10                                  15 

Exact 
method 

Approxi- 
mate 
method 

Exact 

method 

Approxi- 
mate 
method 

Exact 
method 

Approxi- 
mate 
method 

Exact 
method 

Approxi- 
mate 
method 

5 

24.7040 
24.1290 
22.  6431 
20.5563 
17.  8300 
14.5309 
10.8820 
7.2S15 

24.  6976 

10 

24. 1555 
22.6594 
20.5733 
17.8461 
14.5462 
10.896C 
7.3024 



25.0511      25.0532 

20 

30 

40 

50 

60 

70 

23.5756 
21.4683 
18.  6593 
15.2258 
11. 41G9 
7.6476 

23.5899 
21.4826 
18.6732 
15.2393 
11.4241 
7.6599 

23.2789  |  23.2824 
21.2896  i  21.2931 
18.5609  ■  18.5644 
15.1764  !  15.1796 
11.3*95  .  1L3927 
7.6409  i     7.6443 

22.8450 
21. 0123 
18.3989 
15.0885 
11.3447 
7.6205 

22.8450 
21.0123 
18.3990 
15.0885 
11.3446 
7.6206 

'  For  description  of  these  two  methods,  see  text,  pp.  95-96. 
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Calculation  of  net  values  of  reversionary  and  last 
survivor  annuities,  and  assurances  involving  two 
or  more  lives 

Net  values  of  various  types  of  reversionary  annuities 
and  last  survivor  annuties  and  assurances  can  be 
calculated  from  joint  life  annuity  values  and  joint  pure 
endowment  values  by  means  of  tbe  formulas  of  table  R. 
The  symbols  used  in  this  table  represent  the  net  present 
value  of  the  benefit  described  in  the  third  column  when 
the  amount  of  each  individual  payment  (in  the  case  of 
an  annuity)  or  of  the  sum  insured  (in  the  case  of  an 
assurance)  is  unity.  When  (as  is  usual)  the  payments 
are  of  some  other  amount,  it  is  only  necessary  to 
multiply  the  value  for  a  unit  payment  by  the  amount 
of  the  payment.15 

It  will  be  noted  that  most  of  the  assurance  formulas 
in  table  R  involve  the  rate  of  discount  d.  Values  of  d 
corresponding  to  all  the  interest  rates  for  which  values 
are  tabulated  in  this  volume  are  given  in  table  Y. 

Table  Y. — Values  of  the  Rate  of  Discount  for  Selected 
Rates  of  Interest 


BATE  OF  DfTEBEST 

BATE  OF  DISCOUNT 

i 

d=l-»=ip 

0.02                 - 

0. 019608 

0.025       

. 024390 

0.03  .        - - - 

.  029126 

0.035                        - 

. 033816 

0.04  ..            .- 

.  038462 

which  enter  into  the  latter  formula  are  found  to  be  as 
follows: 


It  should  be  carefully  noted  (as  already  stated  on 
p.  92)  that  the  formula  for  last  survivor  annuities 
analogous  to  formula  II  of  table  R,  and  the  formula  for 
last  survivor  assurances  analogous  to  formula  XIV,  do 
not  hold  true.  It  is  also  important  to  understand  (as 
previously  mentioned  on  p.  92)  that  the  principle  of 
uniform  seniority  does  not  hold  for  reversionary  or  last 
survivor  annuities.  It  is  necessary  first  to  express  the 
values  of  such  annuities  in  terms  of  ordinary  joint  life 
annuities,  and  then  to  evaluate  the  latter. 

Example  5. — On  the  basis  of  the  makehamized  mor- 
tality table  for  total  whites  in  the  United  States  in 
1939-1941  and  interest  at  2){  percent,  find  the  net 
annual  premium  for  a  whole  life  last  survivor  assurance 
of  $3,000  on  three  lives  aged  35,  39,  and  54,  premiums 
being  payable  throughout  the  duration  of  the  contract. 

Solution. — Inspection  of  formula  XVI  of  table  R 
shows  that  the  value  of  a  last  survivor  annuity  is  first 
required.  This,  in  turn,  is  given  by  fomula  V.  By 
referring  to  table  40  and  employing  the  methods  previ- 
ously described,  the  values  of  the  various  annuities 


"  Strictly  speaking,  these  symbols  also  imply  that  all  payments  are  made  on  anni- 
versaries of  the  original  agreement  or  contract.  In  practice,  this  is  often  not  the  case. 
For  example,  life  insurance  companies  usually  pay  the  sum  insured  under  a  life 
assurance  immediately  on  receipt  of  completed  proofs  of  death,  while  payments  under 
a  reversionary  annuity  are  frequently  made  on  anniversaries  of  the  death  upon  the 
occurrence  of  which  the  annuity  commenced.  It  is  usual,  however,  to  ignore  these 
refinements  or  (in  the  case  of  contracts  issued  by  life  insurance  companies)  to  include 
them  in  the  allowance  for  expenses  and  contingencies  which  forms  part  of  the  gross 
premium  actually  charged. 


o35=22.3898 
039=20.8985 
054=  14.6737 

tt35:39:54  = 


a35:39=  18.2354 
035*4=13.6797 
a39:54=  13.3686 
:12.5766 


Substituting  in  formula  V  gives  035:39^4= 25.2549. 
Table  Y  shows  that  0"=. 024390,  and  substituting  in 
formula  XVI  gives  .4=3=4=. 35964.     Therefore, 

-t35:39:54  =  ^i35:39:54~f"(l  +  ^35:39:54)  — 

.35964-f-26.2549  =  .01370. 

This  is  the  net  annual  premium  per  unit  insured. 
Multiplying  by  $3,000  gives  $41.10  as  the  required 
net  annual  premium. 

Example  6.- — Find  the  present  value,  on  the  basis  of 
the  makehamized  United  States  mortality  table  at  3 
percent  interest,  of  a  reversionary  annuity  of  $1,000 
per  annum  to  a  boy  now  aged  17,  to  commence  as  soon 
as  his  father  aged  48  and  his  uncle  aged  42  have  both 
died. 

Solution. — This  annuity  is  represented  by  the  symbol 
fl42i8|i7-  Formula  XXIII  of  table  R  shows  that  the 
present  value  per  unit  of  payment  is  a17— ai7:a— o17:4s 
+017:42:48-  Using  table  41  and  the  methods  previously 
explained  gives 


Oit    =25.2243 

^17:42=17.7209 


#17:48      : 
#17:42:48  = 


15.7524 
13.7237 


Substituting  these  values  gives  042^117=  5.4747. 
Finally,  multiplying  by  $1,000  gives  $5,474.70  as  the 
present  value  of  the  reversionary  annuity. 

Estimation  of  joint  life  annuity  values  based  on  the 
separate  life  tables  for  white  males  and  white 
females 
It  is  often  desired  to  take  sex  into  consideration  in  the 
calculation  of  joint  life  annuity  values:  that  is,  to  assume 
in  the  computations  different  rates  of  mortality  for 
males  and  females.  However,  in  the  preparation  of 
the  joint  fife  tables  in  this  volume,  it  was  found  im- 
practicable to  prepare  separate  tables  for  males  and 
females,  because  it  was  not  possible,  without  consider- 
able distortion  of  the  rates  of  mortality,  to  make  sepa- 
rate Makeham  graduations  of  the  life  tables  for  males 
and  females,  and  at  the  same  time  preserve  the  neces- 
sary relationship  between  the  Makeham  constants  under 
the  two  tables  so  as  to  have  the  law  of  uniform  seniority 
hold  for  annuities  involving  both  male!  and^  female 
fives.  It  was*desired,  therefore,  to  devise  a  method  of 
approximating  the  values  of  joint  life  annuities  based  on 
the  separate  tables  which  would  not  be  laborious,  and 
at  the  same  time  would]give  reasonably  accurate  results. 
After  experimenting  with  a  number  of  possible 
methods,  two  were  selected  as  meeting  satisfactorily  the 
requirements  stated.  Both  these  methods  consist  in 
entering  the  annuity  tables  based  on  the  makehamized 
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mortality  table  for  total  whites  with  appropriately 
adjusted  ages.  In  general,  the  adjustment  takes  the 
form  of  an  addition  to  the  age  in  the  case  of  males  and 
a  deduction  from  the  age  in  the  case  of  females.  In 
the  first  method  the  adjustment  is  a  very  simple  func- 
tion of  the  age.  In  the  second  method  the  adjustments 
are  more  accurately  determined,  and  the  closeness  of 
the  approximation  is  somewhat  improved. 

In  the  first  and  more  rough  method,  the  addition  or 
deduction,  as  the  case  may  be,  is  2  years  up  to  and  in- 
cluding age  50,  graded  down  to  0  at  age  90.  The 
adjusted  ages  corresponding  to  ages  51  to  89  are  given 
in  table  Z.  In  the  second  and  more  refined  method, 
the  single  life  annuity  corresponding  to  each  of  the  lives 
involved  is  first  obtained  from  the  annuity  tables  (not 
makehamized)  for-  the  separate  sexes  (tables  20  to 
24  and  31  to  35).  The  next  step  is  to  enter  with  these 
single  life  annuity  values  the  single  fife  annuity  column 
based  on  the  makehamized  mortality  table  for  total 
whites,  and  to  find  the  age  corresponding  to  each  an- 
nuity value.  This  is  taken  as  the  adjusted  age  for  the 
life  in  question.  The  following  illustrations  will  make 
the  procedure  clear. 


Table  Z. — Adjusted  Ages  ToBeUsed  in  Entering. Joint  Life 
Annuity  Tables  Based  on  the  Makehamized  Mortality 
Table  for  Total  Whites  in  Order  to  Approximate  Values 
Based  on  the  Mortality  of  the  Separate  Sexes:  United 
States,  1939-1941 


ADJUSTED  AGE 

Male 

Female 

17-50. 

Add  2  years 

52.95 
53.90 
54.85 
55.80 
56.75 

57.70 
58.65 
59.60 
60.55 
61.50 

62.45 
63.40 
64.35 
65.30 
66.25 

67.20 
68.15 
69.10 
70.05 
71.00 

71.95 

72.90 
73.85 
74.80 
75.75 

76.70 

77.65 
78.60 
79.55 
80.50 

81.45 

82.40 
83.35 
84.30 
85.25 

86.20 
87.15 
88.10 
89.05 
No  change 

Deduct  2  rears 

51 

49.05 

52 

50. 10 

53 ..     . 

51.  15 

54 

52.20 

55 

53.25 

56- 

54.30 

57 . 

55  35 

58 

56  40 

59 

57  45 

60 . 

58  50 

61 

59  .55 

62 ._ 

60  60 

63. 

61  65 

64 

62  70 

65 

63  75 

66_„-_ _ .... 

64  80 

67 ..     . 

65  85 

68 _ 

66  90 

69 

67  95 

70 

69  00 

71 

70  05 

72 

71  10 

73 

74 

73.20 

74.  25 

75.30 

75 ... 

76 

77 

78-—., 

77.40 
78.45 
79.50 

80.55 
81.60 
82.65 
83.70 
84.75 

85.80 
86.85 
87.90 
88.95 
No  change 

79 

80 i  . 

81. 

82 

83 . 

84.... 

85.... 

86- 

87 

88 

89 

90  and  over. 

Example  7. — Find  the  approximate  value  of  a  joint  life 
annuity  of  one  per  annum  on  two  white  male  lives  at 
ages  40  and  60  on  the  basis  of  the  1939-1941  life  tables 
with  interest  at  3  percent. 

Solution. — By  the  rough  method,  the  adjusted  ages 
are  42  and  61.50.  The  difference  between  these  ages  is 
19.50  years.  Entering  the  table  of  uniform  seniority 
(table  37)  with  this  value  and  interpolating  gives 
13.5195  years  as  the  necessary  addition  to  the  younger 
age.  Adding  13.5195  to  42  gives  55.5195  as  the  equiv- 
alent equal  age.  Interpolation  in  table  41  shows  the 
value  of  a  joint  whole  life  annuity  on  two  fives  aged 
55.5195  to  be  10.1242  which  is  the  required  approxima- 
tion by  the  first  method. 

By  the  second  method,  the  values  at  3  percent 
interest  of  single  whole  life  annuities  at  ages  40  and  60 
are  found  (table  22)  to  be  18.4247  and  10.9775.  In  the 
makehamized  mortality  table,  the  single  life  annuity 
value  18.4247  corresponds  (table  41)  to  age  41.906, 
while  the  value  10.9775  corresponds  to  age  61.409. 
These  are  taken  as  the  adjusted  ages.  The  difference  is 
19.503  years,  which  gives  13.522  years  for  the  addition 
to  the  younger  age.  Adding  this  to  41.906  gives  55.428 
for  the  equivalent  equal  age.  The  value  of  azz  at  this 
age  is  10.1594.  The  true  value  is  10.1234.  In  this 
case,  it  happens  that  the  rough  method  gives  a  result 
closer  to  the  true  value. 

Example  8. — Find  the  approximate  value  of  a  joint 
life  annuity  of  one  per  annum  on  a  white  male  life  at 
age  53  and  two  white  female  lives  at  ages  27  and  48,  on 
the  basis  of  the  1939-1941  life  tables  for  white  males 
and  white  females  with  interest  at  2  percent. 

Solution.- — By  the  rough  method,  the  adjusted  ages 
are  54.85,  25,  and  46.  By  averaging  the  values  of  \iz, 
the  equivalent  equal  age  is  found  to  be  47.22,  and  the 
estimated  annuity  value  is  12.5498. 

As  a  first  step  in  applying  the  second  method,  it  is 
found  (table  20)  that  the  value  of  a-o3  at  2  percent  inter- 
est for  white  males  is  15.1740,  while  a27  and  a4S  at  the 
same  rate  for  white  females  are  28.4115  and  19.3285, 
respectively  (table  31).  If  these  are  considered  as 
single  life  annuity  values  under  the  makehamized 
mortality  table  with  2  percent  interest  (table  39),  the 
corresponding  ages  woidd  be  54.68,  24.83.  and  46.04. 
Obtaining  the  values  of  nz  for  these  ages  by  interpola- 
tion and  averaging  them  gives  47.13  as  the  equivalent 
equal  age.     The  resulting  annuity  value  is  12.5905. 

A  comparison  of  exact  values  with  those  obtained  by 
both  methods  of  approximation  just  described  for  cer- 
tain selected  combinations  of  two  fives  is  presented  in 
table  AA.  As  previously  stated,  the  more  refined  age 
adjustment  gives  results  closer  to  the  actual  values  in 
the  majority  of  instances,  although  for  the  case  of  two 
male  lives,  the  rough  age  adjustment  appears  to  be 
slightly  better.  The  more  refined  method  has  the 
theoretical  defect  of  producing  values  which  are  always 
in  excess  for  two  male  lives  and  always  in  defect  for  two 
female   lives.     An   improvement    could   no    doubt   be 
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Table  AA. — Immediate  Whole  Life  Annuities  on  Two  Joint  Lives  of  Specified  Sex  foe  Selected  Combinations  of  Ages — 
Comparison  of  Exact  Values  Based  on  Separate  Life  Tables  for  White  Males  and  White  Females  With  Approx- 
imate Values  Obtained  From  the  Makehamized  Mortality  Table  for  Total  Whites:  UnitedStates,  1939-1941,  Interest 
at  3  Percent1 


AGE  OF  YOUNGER  LIFE 

SEX  AND  DIFFERENCE  IN  AGE 

20 

30 

40 

Exact  value 

Value  by 
rough  age 
adjustment 

Value  by 
refined  age 
adjustment 

Exact  value 

Value  by 

rough  age 

adjustment 

Value  by 
refined  age 
adjustment 

Exact  value 

Value  by 
rough  age 
adjustment 

Value  by 
refined  age 
adjustment 

Both  male: 

10  years  .. ..         

20. 0183 
10. 7197 

21.3511 
11.9638 

20.4298 
10.  7860 

20.0628 
10. 7093 

21.  2182 
11. 8876 

20.  3697 
10. 7481 

20.0764 
10. 7419 

21.  2864 
11.9531 

20.  4145 
10.  7846 

16. 7529 
7. 1412 

18.  2946 
7.  9324 

17. 1922 
7.1829 

16.  7667 
7. 1731 

18.1513 
7.  9023 

17. 1310 
7.2093 

16.8031 
7. 1439 

18.  2119 
7. 9257 

17. 1751 
7.1804 

13.  0087 
4.  1470 

14.6611 
4.  5751 

13.  5055 
4. 1836 

13. 0177 
4.  2153 

14.  5549 
4.5126 

13.4166 
4.2448 

13. 0805 

40  years.                    

4.1528 

Both  female: 

10  years _ 

14.  5667 

40  years,. 

4.  5712 

Male  and  female  (male  the  older): 

10  years .. 

13.  4872 

40  vears ._ 

4.1810 

AGE  OF  YOUNGER  LIFE 

SEX  AND  DIFFERENCE  Df  AGE 

50 

60 

70 

Exact  value 

Value  by 
rough  age 
adjustment 

Value  by 
refined  age 
adjustment 

Exact  value 

Value  by 
rough  age 
adjustment 

Value  by 
refined  age 
adjustment 

Exact  value 

Value  by 
rough  age 
adjustment 

Value  by 
refined  age 
adjustment 

Both  male: 

10  years 

9.2616 
10.  6805 
9.7427 

9.2845 
10. 5446 
9.6887 

9.  3303 
10.  5883 
9. 7135 

5.8823 
6. 7798 
6.  2217 

5.  9324 
6.6881 
6. 1997 

5. 9212 
6. 7185 
6.1909 

3.  2195 
3.  6502 
3.3858 

3.2934 
3. 6018 
3. 4261 

3.2466 

Both  female: 

lOyears 

3.6423 

Male  and  female  (male  the  older) : 

10  years 

3.3870 

1  The  method  of  adjusting  ages  in  the  "rough  age  adjustment"  and  the  "-refined  age  adjustment"  mentioned  in  the  headings  of  this  table  is  explained  in  the  text,  p.  G8. 


devised  which  would  overcome  this  difficulty,  but  it  is 
doubtful  whether  the  point  is  of  enough  importance, 
in  most  practical  applications,  to  justify  sacrificing  any 
of  the  simplicity  and  convenience  of  the  method  as 
given. 

The  estimation  of  joint  life  annuity  values  based  on 
the  separate  life  tables  for  white  males  and  white  females 
is  a  more  complicated  process  when  some  of  the  lives 
involved  are  under  age  17.  The  "exact  method" 
described  on  page  95  can  always  be  used,  provided  the 
lx  values  in  formulas  (7)  and  (8)  are  taken  from  the 
separate  life  tables  for  males  and  females,  and  the  age 
adjustment  described  in  this  subsection  is  used  only  in 
calculating  the  annuity  value  ax+h:v+h:z+h: .  . .  (m)  in 
formula  (8).  All  the  ages  involved  in  this  annuity  are 
17  or  over,  and  the  age  adjustment  may  be  made  either 
by  means  of  table  Z  (rough  method)  or  by  the  more 
refined  method  just  described. 

If  it  is  desired  to  use  the  shorter  approximate  method, 
described  on  page  96,  in  which  an  approximate  value  of 


the  whole  life  annuity  is  obtained  by  finding  an  equiv- 
alent equal  age  and  then  corrected  by  means  of  the 
adjustment  factors  rx  given  in  table  U,  the  equivalent 
equal  age  must  be  found  by  the  more  refined  method 
last  described,  since  the  age  adjustments  indicated  in 
table  Z  are  not  applicable  to  ages  under  17.  However, 
even  the  more  refined  method  of  age  adjustment  fails 
to  give  a  definite  value  for  the  adjusted  age  at  age  0 
for  males  and  at  ages  below  5  or  6  (depending  on  the 
rate  of  interest)  for  females.  Here  it  is  necessary  to 
calculate  the  annuity  value  either  by  the  "exact 
method"  described  on  page  95,  or  a  similar  method 
employing  in  formulas  (7)  and  (8)  a  small  value  of  h 
sufficient  to  make  all  the  augmented  ages  x-\-h,  y-\-h, 
etc.,  at  least  1  for  males,  and  at  least  5  or  6  (depending 
on  the  rate  of  interest)  for  females.  The  annuity  value 
in  formula  (8)  can  then  be  evaluated  by  using  the 
"refined"  method  of  age  adjustment  to  obtain  an  equal 
age  and  then  applying  the  rx  factors  of  table  U  to  adjust 
the  approximate  annuity  value  based  on  this  equal  age. 


PART  V 
METHOD  OF  CONSTRUCTION  AND  GRADUATION  OF  THE  LIFE  TABLES 


The  entire  process  of  constructing  a  life  table  consists 
of  three  major  steps:  (1)  the  preliminary  adjustment  of 
the  population,  birth,  and  death  statistics  which  are  to 
be  used,  in  order  to  remove  any  errors  and  biases  for 
which  corrections  are  available  or  can  be  derived;  and 
the  approximation  of  certain  detailed  distributions  of 
the  data,  needed  in  the  computations  but  not  available 
from  the  actual  tabulations;  (2)  the  calculation,  from 
the  adjusted  data,  of  the  rates  of  mortality  for  each 
year  of  age,  which  form  the  basis  of  the  life  tables ;  and 
(3)  the  computation  of  the  remaining  life  table  values. 
Of  these,  the  first  step  is  by  far  the  most  difficult.  While 
the  second  step  requires  technical  skill  and  the  exercise 
of  judgment,  valuable  assistance  is  provided  by  the 
large  body  of  literature  on  the  subject  and  the  accumu- 
lated experience  of  actuaries  in  the  construction  of  life 
tables.  The  third  step  involves  little  more  than  the 
routine  application  of  standard  formulas.  However,  in 
making  the  preliminary  adjustment  of  the  data,  it  is 
necessary  to  break  new  ground,  as  comparatively  little 
attention  has  been  given  to  this  subject,  and,  besides, 
the  data  of  each  country  and  each  epoch  present  their 
own  peculiar  problems,  so  that  past  experience  is  not  a 
satisfactory  guide. 

The  following  description  of  the  methods  and  proc- 
esses used  is  divided  into  three  main  sections  correspond- 
ing to  the  three  major  steps  in  the  construction  of  a 
life  table. 

A.  PRELIMINARY  ADJUSTMENT  OF  THE 
DATA 

In  this  section,  the  description  of  the  various  pre- 
liminary adjustments  made  in  the  data  of  births,  deaths, 
and  populations  has  been  arranged  in  approximately 
the  order  in  which  the  various  operations  were  actually 
carried  out.  This  order  was  adopted  in  order  to  avoid 
complicating  unnecessarily  the  explanation  of  many 
of  the  steps,  but  does  not  correspond  to  any  systematic 
classification  of  the  various  adjustments  by  either  the 
purpose  of  the  adjustment  or  the  class  of  data  involved. 
The  adjustments  made  are  of  four  types:  (1)  those 
intended  to  correct  for  incompleteness  of  reporting, 
(2)  those  necessitated  by  incomplete  or  inaccurate  age 
statements,  (3)  those  intended  to  eliminate  roughness 
due  to  the  small  volume  of  data  in  certain  classifications, 
and  (4)  the  estimation  of  certain  figures  needed  in  the 
construction  of  life  tables  but  not  available  from  actual 
tabulations.  Adjustments  of  the  first  type  were  con- 
fined to  statistics  of  births  and  infant  deaths.    In  the 


latter  case,  the  adjustment  of  (a)  the  total  infant 
deaths,  and  (b)  the  figures  for  subdivisions  of  the  first 
year  of  life  are  separately  discussed.  The  second  type 
of  adjustment  includes  the  treatment  of  deaths  for 
which  age  was  not  reported,  and  the  redistribution  of 
Negro  populations  and  deaths  at  ages  55  to  69.  The 
only  adjustment  of  the  third  type  was  a  redistribution 
by  month  of  age  of  deaths  at  ages  1  month  to  1 1  months 
of  nonwhite  infants  other  than  Negroes.  The  principal 
adjustment  of  the  fourth  type  is  that  made  for  the 
change  in  the  distribution  of  population  between  April 
1,  1940,  the  date  of  the  census,  and  July  1,  1940,  the 
date  on  which  populations  were  needed  for  the  purpose 
of  life  table  construction.  Also  included  in  this  category 
is  the  estimation  of  the  distribution  by  single  years  of 
age  of  the  foreign-born  population  under  age  5,  this 
being  needed  for  a  special  purpose,  as  explained  later.1 

Accuracy  of  the  data 

It  has  been  stated  that  the  life  tables  in  this  volume 
are  based  on  the  results  of  the  1940  census  of  population 
and  the  tabulations  of  reported  deaths  in  the  conti- 
nental United  States  for  the  3  years  1939-1941.  In 
deriving  life  table  values  for  ages  under  5,  use  was 
made  also  of  the  tabulations  of  reported  births  for  the 
years  1934  to  1941,  inclusive,  and  of  deaths  under  5 
years  of  age  during  those  years.  If  all  these  data  were 
known  to  be  absolutely  complete  and  correct,  the  con- 
struction of  life  tables  from  them  would  present  few 
problems.  However,  the  data  are  affected  by  two 
main  types  of  error:  (a)  incompleteness  or  under- 
reporting, and  (b)  misstatement  of  age  in  populations 
and  deaths,  which  makes  the  figures  too  large  at  some 
ages  and  too  small  at  others.  As  will  be  explained 
later,  some  adjustment  has  been  made  for  errors  of 
type  (b)  through  the  graduation  of  the  data,  and,  in 
the  case  of  the  Negro  data,  by  a  preliminary  redistri- 
bution of  the  numbers  in  certain  age  groups  for  which 
this  type  of  error  was  believed  to  be  especially  marked. 
Except  in  the  case  of  statistics  of  births  and  infant 
deaths  (those  occurring  at  ages  under  1  year),  no 
attempt  has  been  made  to  adjust  for  errors  of  type  (a). 

If  it  should  happen  that  the  enumeration  of  the 
population  and  the  reporting  of  deaths  were  both 
deficient  by  exactly  the  same  percent,  the  use  of  the 
unadjusted  figures  would  produce  exactly  the  correct 
mortality  rates.  However,  if  the  reporting  of  deaths 
should   be  more   complete   than   the   enumeration  of 


i  See  p.  119. 
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population,  the  rates  of  mortality  would  be  overstated 
by  using  the  reported  figures.  If,  on  the  contrary,  the 
enumeration  of  population  should  be  more  complete 
than  the  registration  of  deaths,  the  mortality  rates 
would  be  understated.  Using  the  unadjusted  data 
thus  involves  the  assumption  that  the  reporting  of  deaths 
and  the  enumeration  of  population  have  the  same  degree 
of  completeness.  It  would  be  a  remarkable  coincidence 
if  this  were  exactly  true.  It  would  be  even  more 
remarkable  if  it  were  true,  not  only  in  the  aggregate 
but  within  each  of  the  various  subdivisions  by  sex, 
race,  and  age,  for  which  rates  of  mortality  have  been 
calculated.  This  assumption  has  been  made  then,  not 
because  it  is  believed  to  be  precisely  correct,  but 
because  specific  information  regarding  the  relative  com- 
pleteness of  death  reporting  and  census  enumeration  is 
almost  entirely  lacking. 


Completeness  of  birth  registration 

It  has  long  been  recognized  that  the  census  enumer- 
ation of  children  under  5,  and  particularly  of  those 
under  1  year,  is  markedly  deficient.  This  is  illustrated 
by  the  following  figures  relating  to  the  1940  census. 
The  total  native  population  enumerated  as  under  1 
year  of  age  on  April  1,  1940,  the  date  of  the  census, 
is  closely  2  estimated  as  2,019,662.  The  same  popu- 
lation estimated  from  registered  births  and  deaths 
during  the  year  ending  April  1,  1940,  is  2,192,557, 
which  exceeds  the  census  figure  by  172,895.  Since  it 
is  known  that  birth  registration  is  not  entirely  complete, 
the  deficiency  in  the  census  enumeration  of  children 
under  1  year  of  age  is  actually  greater  than  that  num- 


>  The  only  estimation  involved  is  in  determining  the  deduction  for  foreign-born 
nonwhites  which  are  given  only  by  5-year  age  groups  and  only  for  the  principal  non 
white  races.    By  the  most  liberal  estimate,  the  number  of  these  is  less  than  100. 


Table  AB. — Registeked  and  Adjusted  Births,  1939-1941,  and  Percent  Completeness  of  Birth  Becistration,  Dec.  1,  1939, 

to  Mar.  31,  1940,  for  White  and  Nonwhite,  by  States 


Registered 

births, 

1939-1941 


Percent  com- 
pleteness,1 
Dec.  1,  1939, 

to 
Mar.  31,1940 


Adjusted 

births, 

1939-1941 


Registered 

births, 

1939-1941 


Percent  com- 
pleteness,' 
Dec.  1,  1939, 

to 
Mar.  31,1940 


Adjusted 

births, 
1939-1941 


Alabama. 

Arizona 

Arkansas 

California 

Colorado 

Connecticut 

Delaware 

District  of  Columbia 

Florida 

Georgia 

Idaho ----- 

Illinois. 

Indiana 

Iowa.. 

Kansas — 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Alabama 

Arizona 

Arkansas 

California 

Colorado 

Connecticut 

Delaware 

District  of  Columbia 

Florida 

Georgia 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky. 

Louisiana 

Maryland 

Massachusetts 

Michigan 

Minnesota 

Mississippi 


116,987 
29, 695 
87,  231 

325, 818 
62,  242 

76, 401 
11,655 
22, 038 
73, 363 
119,035 

34,  248 
358,  550 
178, 893 
133,517 

85,  354 

178,  200 
90, 537 
46, 148 
78, 610 

195,356 

288,311 
155, 394 

71, 006 
172,456 

32, 104 


86.6 
93.8 
79.6 
98.1 


99.4 
97.2 
98.5 
91.3 
83.6 

95.1 

97.3 
96.6 
94.7 
95.6 

89.2 
87.7 
96.3 
97.8 


97.9 
99.3 
93.8 
90.7 
98.0 


135, 089 
31,658 
109, 587 
332, 128 
69, 312 

76, 862 
11,991 
22, 374 
80,  354 
142,  386 

36, 013 
368, 499 
185, 189 
140, 989 

89,282 

199, 776 
103, 235 
47, 921 
80, 378 
197,  529 

294, 495 
156, 489 

75, 699 
190, 139 

32, 759 


Nebraska 

Nevada 

New  Hampshire. 

New  Jersey 

New  Mexico 


New  York 

North  Carolina. 
North  Dakota.. 

Ohio 

Oklahoma 


Oregon... 

Pennsylvania.. 
Rhode  Island... 
South  Carolina. 
South  Dakota.. 


Tennessee. 

Texas 

Utah 

Vermont.. 
Virginia... 


Washington.-. 
West  Virginia- 
Wisconsin 

Wyoming 


nonwhite  J 


65,183 

5,820 

24, 651 

17(1,310 
42, 192 

562,  717 
165,  346 
38, 013 
331,037 
120, 695 

52,  253 
471, 585 
32, 109 
68,192 
33, 982 

142, 185 

336, 566 

39, 265 

20,477 
125,357 

83,240 
121,724 
164,  322 

15, 157 


97.0 

67,199 

97.5 

5,969 

98.6 

25,001 

99.0 

172,030 

91.2 

46,263 

99.0 

568,401 

88.4 

187, 043 

94.6 

40,183 

95.3 

347, 363 

87.0 

138,  730 

97.3 

53,703 

97.2 

485, 170 

98.8 

32,499 

82.7 

82,  457 

96.6 

35, 178 

81.4 

174,674 

89.3 

376, 894 

97.1 

40,438 

97.3 

21,045 

92.5 

135,521 

98.0 

84,939 

86.7 

140,  397 

96.9 

169,  579 

95.9 

15,805 

72, 008 

4,289 

27,  434 

15,  264 

803 

1,938 

2,297 

12, 833 

30,  331 

78,  035 

21,  076 
6,544 
797 
3,236 
9,819 

63,  784 
20, 947 

2,922 
12, 470 

2,001 
88,102 


82.6 
48.4 
63.2 
96.5 
90.4 

97.9 


86.4 
77.6 

90.6 
94.0 
90.1 
92.9 
87.6 

83.7 
94.1 
98.0 
94.0 
97.2 
86.2 


87, 177 
8,862 
43, 408 
15, 818 


1,980 

2,330 

13,285 

35, 105 

100,  561 

23, 263 

6,962 

885 

3,483 

11,209 

76,  205 
22, 260 

2,982 
13, 266 

2,059 
102,  206 


Missouri 

Montana 

Nebraska 

New  Jersey. . 
New  Mexico. 


New  York 

North  Carolina. 
North  Dakota... 

Ohio.. 

Oklahoma 


Oregon 

Pennsylvania... 
Rhode  Island... 
South  Carolina. 
South  Dakota.  . 


Tennessee 

Texas 

Virginia 

Washington... 
West  Virginia. 
Wisconsin 


12,  521 

82.7 

15,140 

1,994 

91.1 

2,189 

980 

93.1 

1,053 

14,  049 

98.7 

14,234 

1,565 

40.3 

3,883 

30, 664 

96.5 

31,  776 

78, 837 

81.0 

97,330 

1,272 

95.2 

1,336 

18,648 

95.7 

19,902 

13,  572 

66.9 

20,287 

779 

84.1 

926 

28,842 

92.9 

31,046 

746 

100.0 

746 

66,  791 

71.8 

93,024 

2,271 

79.8 

2,846 

25, 921 

75.1 

34,  515 

48, 450 

68.7 

70,524 

46,994 

90.2 

52,100 

2,079 

88.7 

2,344 

6,297 

81.3 

7,745 

1,949 

93.2 

2,091 

i  Grove,  Robert  D.,  Studies  in  Completeness  of  Birth  Registration,  Part  I,  Completeness  of  Birth  Registration,  United  States,  Dec.  1,  19S9,  to  Mar.  SI,  1940.  U.  S.  Bureau  of 
the  Census,  Vital  Statistics— Special  Reports,  vol.  17,  No.  18,  p.  228,  1943. 

2  The  States  of  Idaho,  Maine,  Nevada,  New  Hampshire,  Utah,  Vermont,  and  Wyoming,  each  of  which  reported  less  than  500  nonwhite  births  in  the  period  1939-1941 
are  omitted. 
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ber.  For  this  reason  birth  statistics  were  relied  upon 
in  obtaining  a  population  base  for  the  rate  of  mortality 
in  the  first  year.  This  raises  the  question  as  to  how 
completely  births  are  reported. 

Following  the  1940  census,  there  became  available 
for  the  first  time  reliable  information  as  to  the  complete- 
ness of  birth  registration  in  the  United  States.  This 
information  was  obtained  by  preparing  special  infant 
cards  for  all  infants  enumerated  in  the  census  who 
were  under  4  months  of  age  on  April  1,  1940,  and  by 
matching  these  cards  against  copies  of  the  birth  cer- 
tificates for  all  births  reported  as  having  occurred 
between  December  1,  1939,  and  April  1,  1940.  Copies 
of  all  death  certificates  of  infants  born  in  this  4-month 
period  were  also  obtained,  and  matched  where  possible 
with  the  birth  certificates.  Table  AB  shows,  for  white 
and  nonwhite  separately,  the  number  of  births  reported 
in  each  State  in  the  3-year  period  1939-1941,  the  per- 
cent completeness  of  birth  registration  as  indicated 
by  the  test  just  described,  and  the  adjusted  number  of 
births  obtained  by  dividing  the  number  of  registered 
births  by  the  proportion  of  births  registered.  In  the 
case  of  the  nonwhite,  those  States  in  which  less  than 
500  nonwhite  births  were  reported  in  the  3-year  period 
have  been  omitted  from  the  table. 

Further  tabulations  were  made  for  a  special  sample  of 
infant  cards,  which  yield  the  completeness  of  birth 
registration  by  a  more  detailed  racial  classification  for 
the  United  States  as  a  whole.  This  sample  did  not 
include  matching  with  death  records;  and,  for  this 
reason,  the  results  obtained  are  probably  somewhat 
more  suitable  for  use  in  adjusting  birth  statistics  to  be 
employed  in  the  construction  of  life  tables,  since  those 
infants  whose  deaths  are  registered  probably  constitute 
a  biased  sample  from  the  standpoint  of  birth  registra- 
tion. Table  AC  shows,  for  whites,  Negroes,  and  other 
races  separately,  the  number  of  births  reported  in  the 
3-year  period  in  the  continental  United  States,  the 
percent  completeness  of  registration  as  obtained  from 
the  tabulation  of  the  sample,  and  the  adjusted  number 
of  births  obtained  by  dividing  the  registered  figure  by 
the  indicated  proportion  of  births  registered. 

Table  AC. — Registered  and  Adjusted  Births,  1939-1941, 
by  Race,  and  Percent  Completeness  of  Birth  Regis- 
tration (Excluding  Matched  Infant  Death  Records), 
Dec.  1,  1939,  to  Mar.  31,  1940:  United  States 


RACE 

Registered 
births 

Percent ' 
complete- 
ness, Dec.  1, 
1939,  to  Mar. 
31,  1940 

Adjusted 
births 

White 

6, 255,  527 
843, 483 
40, 404 

93.98 
81.87 
75.05 

6, 056, 232 

Negro... __ 

Other  races _ 

1, 030,  271 
53, 836 

'  Based  on  tabulation  of  special  sample. 


Completeness  of  registration  of  infant  deaths 

It  has  already  been  mentioned  that  all  death  statistics 
were  used  without  any  adjustment  for  incompleteness  of 
reporting,  with  the  exception  of  infant  deaths:  that  is, 
those  occurring  under  1  year  of  age.  In  the  construction 
of  all  the  life  tables  prepared  by  the  Bureau  of  the 
Census  prior  to  1940,  even  infant  deaths  were  not 
adjusted  for  underreporting.  However,  there  is  evi- 
dence that  the  proportion  of  infant  deaths  not  reported 
is  sufficiently  large  to  have  an  appreciable  effect  on  life 
table  values,  and  it  appears  that  the  former  practice  of 
relating  fully  adjusted  birth  data  to  unadjusted  infant 
death  statistics  has  resulted  in  a  substantial  under- 
statement of  the  rate  of  mortaility  at  age  0. 

The  problem  of  making  a  proper  adjustment  for  in- 
complete reporting  of  infant  deaths  is  a  difficult  one, 
because  almost  no  information  is  available  bearing 
directly  on  the  point,  and  an  indirect  method  of  ap- 
proach must  be  resorted  to.  This  approach  is  based  on 
an  examination  of  infant  mortality  rates  for  sub- 
divisions of  the  first  year  of  life.  Table  AD  shows,  for 
each  State  included  in  table  AB,  the  number  of  deaths 
occurring  in  the  3-year  period  1939-1941  in  each  of 
seven  subdivisions  of  the  first  year  of  life,  per  1,000 
adjusted  births  (table  AB)  in  the  same  period.  With 
the  exception  of  the  column  pertaining  to  deaths  under 
1  day  of  age,  these  figures  cannot  be  regarded  as  mortal- 
ity rates  in  the  true  sense  of  the  word,  as  the  denomi- 
nator used  was,  in  each  case,  the  number  of  births  for  the 
year,  and  not  the  number  of  survivors  to  the  beginning 
of  the  age  period  indicated.  However,  this  refinement 
would  have  comparatively  little  effect  on  the  com- 
parison between  States,  which  is  the  chief  purpose  in 
view. 

For  convenience  in  making  comparisons,  the  various 
States  appear  in  table  AD  in  decreasing  order  of  the 
completeness  of  birth  registration.  A  careful  study  of 
the  table  shows  that  there  is  a  close  relationship  between 
the  completeness  of  birth  registration  and  the  actual 
level  of  infant'  mortality  in  the  various  States.  For 
example,  if  the  48  States  and  the  District  of  Columbia 
are  ranked  also  according  to  the  mortality  rate  among 
white  infants  9  to  11  months  of  age,  it  is  found  that  of 
the  10  States  having  the  most  complete  registration,  5 
are  also  among  the  10  having  the  lowest  mortality 
rates.  Likewise,  among  the  10  having  least  complete 
registration,  4  are  also  among  the  10  having  the  highest 
mortality  rates.  This  is  not  surprising,  because, 
generally  speaking,  those  States  having  the  most 
efficient  registration  are  States  in  which  sanitation  and 
public  health  measures  have  made  relatively  greater 
progress. 


104 


UNITED  STATES  LIFE  TABLES  AND  ACTUARIAL  TABLES 


Table  AD. — Deaths  Under    1   Year   Per    1,000   Adjusted 
Births,  by  Age:  Each  State,  1939-1941 


AGE  AT  DEATH 


Under 
1  day 


1  day 
tol 
week 


1  week 
tol 

month 


land  2     3  to  5 
months  months 


6  to  8     9  to  11 
months  months 


Connecticut 

Minnesota 

New  Jersey... .. 

Massachusetts 

Rhode  Island 

New  York 

New  Hampshire 

District  of  Columbia- 
California 

Montana 

Washington- 

Michigan 

Maryland 

Nevada. 

Illinois- 

Oregon 

Vermont. 

Delaware  _• 


Pennsylvania.. 

Utah.._. 

Nebraska 

Wisconsin.  1... 

Indiana 

South  Dakota. 

Maine 

Wyoming 

Kansas.. 


Ohio 

Idaho. — 

Iowa... 

North  Dakota. 

Arizona 

Mississippi 

Virginia 

Florida 

New  Mexico.  _. 

Missouri 

Colorado 

Texas 

Kentucky 


North  Carolina. 

Louisiana 

Oklahoma 

West  Virginia..- 

Alabama... 

Georgia 

South  Carolina _ 

Tennessee 

Arkansas 


12.5 

8.1 

3.2 

3.3 

3.1 

1.7 

13.2 

7.5 

3.3 

3.7 

2.9 

1.8 

11.6 

7.6 

3.8 

3.6 

3.5 

2.0 

12.3 

8.1 

3.9 

4.2 

3.5 

2.2 

13.0 

7.8 

3.5 

5.0 

3.6 

1.9 

12.7 

7.9 

3.6 

4.1 

3.3 

1.9 

14.0 

9.2 

4.1 

5.5 

4.5 

2.4 

15.2 

8.0 

7.5 

4.2 

2.8 

1.7 

13.8 

7.3 

3.8 

4.4 

4.4 

2.6 

14.2 

7.6 

4.5 

4.8 

4.2 

2.1 

12.4 

8.1 

3.4 

3.8 

3.0 

1.8 

12.2 

8.6 

4.5 

5.0 

4.2 

2.6 

11.8 

7.7 

5.0 

5.4 

4.8 

3.1 

16.1 

8.7 

1.5 

5.9 

5.7 

2.7 

12.3 

7.6 

3.4 

3.7 

3.3 

2.1 

11.4 

7.2 

2.7 

3.6 

2.8 

2.0 

14.4 

7.9 

5.9 

6.1 

4.5 

2.5 

9.1 

7.8 

3.3 

5.2 

4.4 

3.9 

13.4 

8.7 

4.7 

5.2 

4.7 

2.7 

13.8 

7.8 

3.5 

3.2 

3.5 

1.9 

12.9 

7.4 

3.5 

3.8 

3.5 

1.9 

13.0 

7.7 

3.7 

4.4 

3.7 

2.0 

11.0 

8.6 

4.3 

5.0 

4.5 

2.9 

13.9 

7.6 

3.4 

3.8 

3.4 

1.9 

13.2 

12.4 

5.6 

7.6 

6.2 

3.0 

14.0 

8.2 

3.4 

4.1 

4.9 

2.5 

12.9 

7.3 

3.3 

4.2 

4.0 

2.3 

12.6 

8.0 

4.5 

4.7 

4.3 

2.7 

14.2 

8.1 

3.4 

5.2 

4.3 

2.0 

13.0 

7.4 

3.7 

4.1 

3.6 

2.1 

13.7 

7.7 

4.9 

5.5 

4.5 

2.0 

14.9 

8.3 

6.6 

11.0 

14.3 

9.9 

14.5 

9.2 

5.4 

5.6 

4.5 

3.5 

14.9 

9.1 

5.9 

6.4 

6.0 

3.3 

14.0 

7.7 

4.6 

4.8 

4.3 

3.1 

17.7 

10.9 

9.9 

14.5 

18.4 

11.5 

12.2 

7.3 

4.8 

5.4 

4.8 

3.0 

14.0 

8.3 

5.1 

7.8 

7.8 

4.3 

12.8 

9.4 

6.0 

7.7 

8.8 

6.0 

10.2 

10.7 

6.9 

7.1 

5.9 

3.9 

12.6 

8.4 

5.3 

6.2 

5.9 

3.7 

13.0 

7.1 

5.0 

6.0 

4.9 

2.9 

12.5 

7.8 

5.0 

5.3 

4.3 

2.7 

11.4 

9.1 

6.1 

7.5 

6.8 

3.9 

13.5 

8.6 

5.3 

6.3 

4.8 

3.0 

11.6 

9.0 

4.9 

5.5 

4.4 

2.9 

12.5 

9.3 

5.0 

6.5 

5.8 

3.4 

10.3 

7.5 

5.2 

6.1 

5.1 

3.6 

9.2 

6.6 

4.2 

4.7 

4.4 

3.2 

Rhode  Island 

New  Jersey 

Delaware 

Massachusetts 

Connecticut 

Minnesota 

District  of  Columbia- 
California 

New  York 

North  Dakota 

Maryland 

Indiana 

Michigan 

Ohio. 

Wisconsin 

Nebraska... 

Kansas 

Pennsylvania 

Montana. 

Illinois 

Colorado 

Virginia 

Iowa 

Washington 

Kentucky 

Florida ... 


Mississippi 

Oregon 

Louisiana 

Missouri 

Alabama 

West  Virginia... 
North  Carolina. 

South  Dakota... 

Georgia 

Tennessee. 

South  Carolina. 

Texas 

Oklahoma 

Arkansas _ 

Arizona 

New  Mexico 


KONWHITE  ' 


21.4 

6.7 

5.4 

8.0 

8.0 

5.4 

19.0 

14.4 

6.3 

9.6 

9.3 

5.7 

15.5 

15.5 

6.0 

13.7 

13.3 

8.6 

16.4 

10.4 

8.7 

6,0 

5.7 

8.0 

17.2 

13.6 

7.1 

5.6 

5.1 

5.6 

15.5 

6.8 

8.3 

9.7 

9.7 

10.7 

19.5 

13.1 

12.8 

10.5 

9.6 

5.0 

11.6 

8.3 

5.1 

6.7 

6.8 

4.9 

17.8 

11.3 

4.8 

7.9 

6.6 

3.7 

13.5 

12.0 

15.0 

15.7 

18.0 

9.7 

15.7 

12.9 

7.6 

12.2 

12.7 

10.9 

13.5 

11.8 

9.0 

8.2 

8.6 

5.5 

15.4 

10.6 

6.1 

4.2 

7.2 

4.1 

16.8 

10.7 

7.1 

7.8 

7.9 

5.4   . 

13.4 

14.3 

6.7 

10.5 

14.8 

12.9 

18.0 

16.1 

6.6 

9.5 

16.1 

4.7 

13.5 

10.3 

8.3 

9.2 

10.6 

4.9 

19.1 

10.7 

6.2 

8.1 

8.8 

5.7 

10.1 

12.3 

8.2 

23.8 

23.3 

18.3 

14.8 

10.4 

4.3 

5.2 

6.8 

3.3 

16.9 

10.1 

3.4 

11.3 

4.5 

9.0 

14.7 

13.9 

10.2 

12.1 

12.6 

8.6 

19.2 

9.0 

4.5 

9.0 

10.2 

7.9 

14.5 

10.2 

7.3 

15.8 

12.4 

11.9 

.11.7 

17.6 

10.8 

11.5 

10.9 

7.9 

14.7 

14.7 

10.7 

9.2 

7. 7 

5.8 

11.1 

9.2 

6.4 

8.2 

8.5 

5.4 

19.4 

10.8 

10.8 

13.0 

15.1 

15.1 

14.5 

11.7 

12.4 

10.8 

10.1 

5.9 

15.4 

9.4 

10.0 

10.2 

9.8 

6.5 

15.2 

11.8 

7.8 

9.3 

8.7 

6.0 

15.2 

13.8 

9.3 

10.7 

10.6 

7.  7 

12.5 

10.2 

8.1 

10.5 

10.2 

6.5 

6.0 

11.2 

9.8 

15.1 

13.7 

13.7 

12.4 

11.3 

8.3 

8.8 

7.8 

5.0 

11.9 

10.6 

6.4 

8.8 

8.6 

6.2 

10.8 

11.8 

8.1 

9.3 

10.9 

6.9 

11.1 

10.7 

8.7 

8.1 

7.9 

4.6 

8.4 

10.5 

7.8 

8.3 

8.0 

5.3 

5.6 

5.0 

4.1 

5.6 

6.2 

4.2 

7.  7 

9.0 

12.5 

16.1 

20.1 

15.8 

13.1 

11.1 

8.0 

12.4 

16.0 

13.4 

1.0 
1.2 
1.4 
1.6 
1.2 
1.3 
1.6 
1.1 

1.7 
1.8 
1.0 
1.7 
2.2 
1.8 
1.5 
1.3 
1.8 
2.8 

1.8 
1.3 
1.2 
1.2 
2.0 
1.0 
2.4 
2.3 
1.6 

1.9 
1.2 
1.1 
1.5 
5.1 
2.5 
2.4 
2.2 
6.8 
.2.2 
2.5 
4.5 
2.8 

2.4 
1.9 
2.3 
2.7 
2.4 
2.3 
2.4 
2.5 
2.5 


6.7 
3.9 
7.7 
4.0 
2.0 

11.2 
2.5 
2.2 
2.2 
9.0 
8.0 
3.4 
3.2 
3.0 
7.2 
4.7 
4.6 
3.3 

11.0 
2.8 
2.3 
5.5 
4.5 

10.2 
5.3 
3.8 

3.9 
5.4 
3.9 
4.8 
3.6 
4.0 
4.2 

12.6 
2.9 
4.5 
4.0 
3.1 
4.3 
3.1 

13.2 
9.5 


1  See  footnote  2  to  table  AB,  p.  102. 


However,  if  the  comparison  is  made  with  the  mor- 
tality rates  for  infants  under  1  day  old,  instead  of  those 
aged  9  to  11  months,  just  the  opposite  tendenc}'  is 
observed,  the  lower  mortality  rates  being  recorded,  in 
general,  in  the  States  with  less  complete  registration  of 
births.  For  example,  among  the  10  States  having  the 
least  complete  registration  of  white  births,  5  were  also 
among  the  lowest  10  when  ranked  according  to  the 
mortality  rate  for  white  infants  under  1  day  old.  It 
might  be  expected  that  mortality  rates  for  infants  in 
the  first  day  of  life  would  fail  to  show  the  close  relation- 
ship to  the  completeness  of  birth  registration  which 
was  observed  in  the  case  of  the  rates  for  infants  9  to  1 1 
months  old,  because  a  large  proportion  of  deaths  occur- 
ring immediately  after  birth  are  due,  at  least  in  part,  to 
mechanical  causes  connected  with  the  process  of  child- 
birth. The  great  improvement  in  infant  mortality  in 
recent  years  has,  in  fact,  affected  the  frequency  of 
neonatal  deaths  to  a  much  less  degree  than  that  of 
deaths  occurring  later  in  infancy. 

It  is  not,  however,  to  be  expected  that  the  death 
rate  in  very  early  infancy  would  be  totally  unaffected 
by  varying  conditions  in  the  environment.  Still  less 
can  it  be  thought  that  the  normal  relationship  is  actu- 
ally reversed,3  the  lower  mortality  rates  occurring 
whore  conditions  are  less  favorable.  It  is  necessary, 
therefore,  to  look  for  some  source  of  error  in  the  -mor- 
tality rates  for  the  first  day  of  life  as  shown  in  table 
AD.  Inasmuch  as  these  rates  were  obtained  from 
births  corrected  for  incomplete  registration,  but  with- 
out any  corresponding  adjustment  in  the  death  statis- 
tics, the  most  natural  inference  is  that  deaths  occurring 
in  early  infancy  are  affected  by  an  incompleteness  of 
reporting  having,  in  general,  the  same  geographical 
incidence  as  in  the  case  of  births. 

The  relationships  which  led  to  this  conclusion  are 
brought  out  more  clearly  in  table  AE,  which  shows  the 
results  of  arranging  the  States  in  the  order  of  the 
percent  completeness  of  birth  registration  and  then 
combining  them  into  five  groups  (three  groups  in  the 
case  of  nonwhites)  in  such  a  way  that  the  total  number 
of  reported  deaths  under  1  year  of  age  is  approximately 
the  same  for  each  group  used.  In  the  case  of  the  data 
for  white  fives,  the  States  of  Arizona,  New  Mexico, 
and  Texas  have  been  omitted,  because  in  these  States 
the  mortality  rates  for  white  infants  in  the  latter  part 
of  the  first  year  of  life  are  so  much  higher  than  those 
for  other  States  that  the  general  relationship  would  be 
obscured  by  their  inclusion.  This  condition  is  believed 
to  be  due  to  the  presence,  in  the  white  population  of 
these  States,  of  a  large  number  of  Mexican  agricultural 
workers  in  low  income  groups,  among  whom  the  rate  of 
infant  mortality  is  extremely  high.  Except  for  the 
omission  of  these  3  States  from  group  4,  the  spacing 
in  table  AD  indicates  the  particular  States  included  in 

•  There  are  certain  factors  tending  to  cause  fewer  deaths  in  the  first  day  of  life  when 
the  general  infant  death  rate  is  high.  For  example,  there  are  probably  fewer  instru- 
mental deliveries  in  areas  of  high  mortality.  However,  the  effect  of  such  factors 
is  believed  to  be  small. 
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each  group.  In  making  the  calculations  for  nonwhites, 
the  7  States  having  less  than  500  nonwhite  births  in 
the  3-year  period,  which  were  omitted  from  tables  AB 
and  AD,  were  again  omitted  here.  Upon  examining 
the  part  of  table  AE  which  shows  data  for  the  white 
population,  it  is  observed  that  the  percent  completeness 
of  birth  registration  decreases  rather  slowly  in  the  first 
three  groups  and  then  falls  at  an  accelerating  pace  as 
groups  4  and  5  are  reached.  The  States  in  group  5 
(where  registration  is  least  complete)  contain  only 
18  percent  of  the  adjusted  white  births  in  all  five 
groups  but  contain  45  percent  of  the  assumed  unregis- 
tered (adjusted  less  registered)  births.  Above  the  age 
of  1  week,  the  death  rates  based  on  adjusted  births 
rise  consistently  from  group  1  to  group  5,  but  in  the 
case  of  deaths  in  the  first  day  of  life,  the  rates  begin 
to  decrease  with  group  4,  and  group  5  actually  shows 
the  lowest  death  rate  of  the  five  groups.  In  the  age 
period  1  day  to  1  week,  a  less  marked  but  similar 
tendency  is  observed.  The  behavior  of  the  rates  for 
these  two  youngest  age  periods  strongly  suggests  that 
the  decline  which  appears  in  groups  4  and  5  may  be 
spurious,  and  attributable,  as  already  intimated,  to 
incomplete  reporting  of  deaths  occurring  in  early 
infancy  in  these  States.  Among  the  nonwhite,  the 
tendency  toward  lower  apparent  death  rates  in  those 
States  having  less  complete  registration  of  births  is 
more  marked,  and  persists  throughout  the  entire  first 
year  of  life. 

Table  AE. — Deaths  Under  1  Year  Per  1,000  Adjusted 
Births,  by  Age  and  Race,  1939-1941,  for  Groups  of  States 
Arranged  According  to  the  Completeness  of  Birth 
Registration 


Percent  of  total  deaths  under  1  year  for 
all  groups 

Percent  completeness  of  birth  registra- 
tion  _._ 

Deaths  per  1,000  adjusted  births: 

Under  1  day 

1  day  to  1  week 

1  week  to  1  month 

1  and  2  months. _ 

3  to  5  months 

6  to  8  months 

9  to  11  months ." 


State  group  5 


18.1 

99.0 

12.6 
7.9 
3.7 
4.0 
3.3 
2.0 
1.3 


19.6 

97.7 

12.7 
7.8 
3.9 
4.4 
3.9 
2.4 
1.6 


18.4 


12.9 
8.4 
4.2 
4.9 
4.4 
2.5 
1.7 


22.8 

92.8 

12.8 
8.4 
5.0 
5.5 
4.9 
3.0 
2.1 


85.0 

11.8 
8.2 
5.2 
6.0 
5.2 
3.3 
2.4 


NONWHITE  ' 


State  group  3 


31.3 

92.7 

15.8 
12.4 
7.8 
9.2 
9.3 
6.4 
4.2 


36.4 
83.3 


13.3 
10.6 


6.0 
3.9 


32.3 

71.0 

10.6 
10.4 
7.8 
8.7 
8.9 
5.8 
3.9 


1  The  States  of  Arizona,  New  Mexico,  and  Texas  were  omitted  from  the  computa- 
tions for  white  lives.    See  text,  p.  104. 

2  Those  States  reporting  less  than  500  births  of  nonwhites  in  1939-1941  were  omitted 
from  the  computations.    See  footnote  to  table  AB,  p.  102. 

3  Higher  numbers  indicate  less  complete  registration,  as  shown  in  the  second  line 
of  the  table. 

In  summary,  it  may  be  stated  that  the  preceding 
analysis  appears  to  show:  (1)  that  there  is  substantial 
underreporting  of  infant  deaths,  (2)  that  this  under- 
reporting tends,  in  general,  to  be  greater  in  those 
States  in  which  underreporting  of  births  is  greater,  and 
(3)  that  it  is  relatively  greater  in  the  case  of  deaths 
occurring  in  the  first  week  of  life  than  for  those  which 
occur  later.  However,  it  is  not  sufficient,  for  the  pur- 
pose of  life  table  construction  merely  to  know  that  such 


a  condition  exists.  It  is  necessary  also  to  make  some 
assumption  as  to  the  magnitude  of  the  underreporting. 
As  no  information  was  available  from  which  this  could 
be  estimated  directly,  an  effort  was  made  to  estimate 
it  indirectly  by  assuming  the  percent  of  nonreporting 
of  infant  deaths  to  be  some  fixed  proportion  or  multiple, 
State  by  State,  of  the  percent  of  nonreporting  of  births 
and  adjusting  the  State  death  rates  in  accordance  with 
that  assumption,  and  then  examining  the  death  rates 
based  on  various  assumed  proportions  or  multiples  to 
see  which  produced  results  most  nearly  in  accordance 
with  expectation.  It  was  considered  that,  when  ade- 
quately adjusted,  the  State  death  rates  in  each  age 
period  should  show  a  consistent  tendency  to  increase 
with  decreasing  completeness  of  birth  registration,  sincev 
in  general,  the  States  having  more  complete  registra- 
tion are  also  those  with  better  sanitation  and  public 
health  facilities. 

Such  calculations  were  made  for  the  first  three  age 
periods  employed  in  table  AD,  which  together  com- 
prise the  first  month  of  life.  Since  the  individual  State 
figures  show  minor  fluctuations  which  make  it  difficult 
to  observe  the  general  tendency,  these  calculations  were 
made  for  the  same  groups  of  States  which  were  used  in 
table  AE.  Three  different  sets  of  calculations  were 
made,  based  on  the  assumption  that  the  percent  ad- 
justment required  for  incomplete  reporting  of  deaths 
in  each  age  period  was  (a)  50  percent,  (b)  100  percent, 
and  (c)  150  percent  of  the  corresponding  percent  ad- 
justment required  for  births  in  the  same  State.  The 
results  of  the  calculations  are  shown  in  table  AF. 

In  the  case  of  white  infant  deaths  under  1  day, 
adjustment  in  accordance  with  assumption  (a)  still 
leaves  group  5  with  a  lower  death  rate  than  group  4. 
Assumption  (b)  produces  a  death  rate  in  group  5  which 
is  slightly  higher  than  that  in  group  4,  but  the  difference 
is  much  less  than  might  reasonably  be  expected  in  view 
of  the  substantial  difference  in  the  completeness  of 
birth  registration  in  the  two  groups.  In  the  case  of 
the  nonwhite,  even  assumption  (c)  fails  to  produce 
increasing  death  rates,  although  it  tends  in  that  direc- 
tion, indicating  that  a  more  drastic  adjustment  would 
do  so.  The  implication  of  these  observations  that 
deaths  occurring  in  the  first  day  of  life  may  be  less 
completely  registered  than  births  is  less  startling  than 
it  may  at  first  appear,  if  one  considers  that  there  is 
probably  a  substantial  number  of  cases  of  very  early 
death,  especially  in  rural  areas  and  among  the  more 
underprivileged  classes,  in  which  neither  the  birth  nor 
the  death  is  registered.  This  group  would  of  course 
constitute  a  much  larger  percent  of  the  total  infant 
deaths  than  of  the  total  births.  It  is  also  possible  that 
there  may  be  a  tendency,  in  some  States,  to  report  such 
cases  as  stillbirths. 

In  the  case  of  white  deaths  at  ages  1  day  to  1  week, 
assumption  (a)  gives  death  rates  which  increase,  but 
not  by  a  sufficient  amount,  while  the  rates  resulting 
from  assumption  (b)  appear  reasonable.     For  the  non- 
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white,  assumption  (c)  at  least  seems  to  be  called  for. 
The  deaths  of  white  infants  aged  1  week  to  1  month 
yield  increasing  rates  even  without  adjustment,  and  it 
is  somewhat  difficult  to  judge  which  assumption  pro- 
duces the  most  plausible  rates.  However,  one  would 
expect  these  deaths  also  to  be  somewhat  less  completely 
reported  than  those  occurring  after  the  first  year  of 
life,  and  to  require  some  adjustment. 

The  age  distribution  of  deaths  of  white  infants  in  the 
period  1939-1941  was  31  percent  under  1  day,  20 
percent  from  1  day  to  1  week,  and  49  percent  from  1 
week  to  1  year.  As  indicated  in  the  foregoing  dis- 
cussion, it  may  be  assumed  for  illustrative  purposes  on 
the  basis  of  table  AF  that  the  percent  adjustment  re- 
quired for  incomplete  reporting  of  infant  deaths  was 
related  as  follows  to  the  corresponding  percent  adjust- 
ment for  births: 

Nil  mber  of   timet 
the  percent  adjust- 
ment for  hirths 

Age  at  death 

Under  1  day 1% 

1  day  to  1  week 1 

1  week  to  1  year % 

This  gives  for  the  average  percent  adjustment  for 
incomplete  reporting  of  white  infant  deaths 
.31 X  1.5 +.20 XI +  .49X0.5,  or  approximately  91  percent4 
of  the  corresponding  percent  adjustment  for  white 
births.     Since  reporting  of  white  births  was  found  to 

be   about   94  percent  complete    (corresponding  to   an 

• 

Table  AF. — Deaths  Under  1  Month  Pee  1,000  Adjusted 
Births,  by  Age  and  Race,  1939-1941,  on  Various  Assump- 
tions as  to  the  Completeness  of  Death  Registration, 
for  Groups  of  States  Arranged  According  to  the  Com- 
pleteness of  Birth  Registration 


Percent  completeness  of  birth  regis- 
tration  

Deaths  under  1  day: 

Unadjusted •_ 

Adjusted  *  according  to: 

Assumption  (a)_ 

Assumption  (b) 

Assumption  (e). 

Deaths  after  1  day  to  1  week: 

Unadjusted 

Adjusted  *  according  to: 

Assumption  (a) 

Assumption  (h) 

Assumption  (c) 

Deaths  after  1  week  to  1  month: 

Unadjusted 

Adjusted  *  according  to:  • 

Assumption  (a) 

Assumption  (b) 

Assumption  (c) 


WHITE  I 


State  group  3 


nonwhite  2 


State  group  3 


99.0 

12.6 

12.7 
12.7 
12.8 

7.9 

7.9 
7.9 
8.0 

3.7 

3.7 
3.8 
3.8 


97.7 

12.7 

12.8 
12.9 
13.1 

7.8 

7.9 
8.0 
8.1 

3.9 

3.9 
4.0 
4.0 


96.8 
12.9 

13.1 

13.3 
13.5 

8.4 


4.2 

4.3 
4.4 
4.4 


4         5 


92  v  v   ,. 

12.8  11.8 

13.3  12.  S 

13.8  13.9 

14.3  14.9 


8.4 


9.1 
9.4 

5.0 

5.2 

5.4 
5.7 


8.2 

8.9 
9.6 
10.3 

.5.2 

5.6 
6.1 

6.5 


92.7 

is  - 


16.4 

17.  1 

17.; 


83.3  71.0 

14.7  12.7 

16.0  14.9 

17.3  16.6 


12.4    10.6    10.4 


12.9 
13.4! 

13-9 


11.7  12.0 
12.  S  14.7 
13.9    16.4 


7.S      8. 


S.2 
8.5 

8.8 


7.S 

9.4 
10.3  11.1 
11.2    12.3 


1  The  States  of  Arizona,  New  Mexico,  and  Texas  were  omitted  from  the  computa- 
tions for  white  lives.    See  text,  p.  104. 

J  Those  States  reporting  less  than  500  births  of  nonwhites  in  1939-1941  were  omitted 
from  the  computations.    See  footnotes  to  table  AB,  p.  102. 

3  Higher  numbers  indicate  less  complete  registration  of  births. 

•Assumptions  (a),  (b),  and  (c)  suppose  that  the  percent  adjustment  needed  to 
correct  for  incompleteness  of  reporting  of  deaths  in  each  State  in  the  indicated  age 
period  is,  respectively,  50, 100,  and  150  percent  of  that  required  for  births  in  the  same 
State. 


*  Strictly  speaking,  the  proportions  of  infant  deaths  occurring  in  the  three  age 
periods  used  in  this  calculation  should  be  based  on  total  infant  deaths  (after  adjust- 
ment for  underreporting).  Allowance  for  this  factor  would  slightly  increase  the  re- 
sulting average. 


adjustment  of  6.4  percent  for  incomplete  reporting, 
see  table  AC),  this  would  imply  that  white  infant 
deaths  were  about  94.5  percent  completely  reported. 

Similarly,  the  age  distribution  of  nonwhite  infant 
deaths  was  22  percent  under  1  day,  18  percent  from  1 
day  to  1  week,  13  percent  from  1  week  to  1  month, 
and  47  percent  from  1  month  to  1  year;  and  the  re- 
quired percent  adjustment  for  incomplete  reporting  of 
deaths  of  nonwhite  infants  may  be  assumed  to  be 
related  as  follows  to  the  corresponding  percent  adjust- 
ment for  births : 

Xumber  of  timet 
the  percent  adjust- 
ment for  births 

Age  at  dtath 

Under  1  day 2 

]  day  to  1  week \% 

1  week  to  1  month 1 

1  month  to  1  year % 

This  would  give  for  the  average  percent  adjustment  for 
incomplete  reporting  of  nonwhite  infant  deaths 
.22  X  2  +  .18  X  1.5  +  .13  X  1  +  .47  X  0.5,  or  approxi- 
mately 107.5  percent 4  of  the  corresponding  percent 
adjustment  for  nonwhite  births.  Since  reporting  of 
nonwhite  births  was  found  in  1940  to  be  about  82  per- 
cent complete,  this  would  mean  that  on  the  assumptions 
made  deaths  of  nonwhite  infants  were  slightly  under 
81  percent  complete.  These  assumptions  are,  of 
course,  rough,  and  such  a  calculation  can  be  no  more 
than  suggestive;  however,  it  does  indicate  that,  in  the 
absence  of  accurate  information  on  the  completeness 
of  registration  of  infant  deaths,  it  is  not  unreasonable 
to  assume  that  for  the  first  year  of  life  taken  as  a  whole 
the  percent  completeness  of  registration  of  white  deaths 
is  the  same  as  that  of  white  births.  This  assumption  is 
probably  as  accurate  as  could  be  expected  with  the 
meager  information  available,  and  leads  to  some  sim- 
plification in  the  numerical  computation.  Accordingly, 
it  was  adopted  in  the  preparation  of  the  fife  tables  in 
this  volume.  As  a  matter  of  convenience,  it  was  used 
for  nonwhites  as  well  as  whites,  although  a  somewhat 
larger  correction  for  nonwhites  might  be  justified. 

It  should  be  pointed  out  that  although  this  assump- 
tion is  considered  appropriate  for  the  data  of  the 
United  States  as  a  whole,  this  does  not  imply  that  it 
could  properly  be  employed  for  separate  States,  areas, 
or  regions.  It  is  probable  that  the  relationship  be- 
tween the  completeness  of  registration  of  births  and 
that  of  infant  deaths  varies  widely  in  different  localities. 
It  is  likely,  for  example,  that  in  highly  urban  areas 
where  registration  is  a  weU  established  practice,  regis- 
tration of  infant  deaths  is  more  complete  than  birth 
registration.  On  the  contrary,  there  are  indications 
that  the  reverse  is  true  in  rural  areas.  Such  an  indica- 
tion is  found,  for  example,  in  the  comparison  of  infant 
mortality  rates  by  population  groups  classified  accord- 
ing to  size.  5  Although  these  rates  tend,  in  general,  to 

1  See,  for  example,  Forrest  E.  Linder  and  Eobert  D.  Grove,  Mtal  Statistics  Bates 
in  the  'United  States,  1900-1940,  table  28,  p.  578,  Government  Printing  Office.  Washing- 
ton, D.  C,  1943. 
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increase  steadily  with  diminishing  population  size,  the 
rates  for  rural  areas  are  usually  somewhat  lower  than 
those  for  the  smallest  urban  places.6  It  is  doubtful 
if  this  can  be  wholly  explained  on  the  basis  of  faulty 
allocation  by  residence,  since  the  rates  are  based  not  on 
census  populations  but  on  births,  which  should  be 
affected  by  errors  in  allocation  in  the  same  direction 
as  infant  deaths, 

Method  of  adjustment  of  infant  data 

Inasmuch  as  the  statistics  of  births  and  infant  deaths 
were  assumed  to  be  equally  complete,  mortality  rates 
at  age  0  were  obtained  directly  from  the  reported  figures. 
However,  as  previously  stated,  the  populations  at  ages 
1  to  4  used  in  determining  the  number  exposed  to  risk 
at  those  ages  were  not  obtained  from  the  census,  but 
were  calculated  from  birth  and  death  statistics.  To  the 
extent  that  they  entered  into  the  calculation  of  popu- 
lations at  these  subsequent  ages,  the  statistics  of  births 
and  infant  deaths  required  some  adjustment.  The 
method  followed  was  to  compute,  from  reported  figures 
only,  the  number  of  survivors  to  the  exact  age  of  1  year 
from  each  year's  births,  and  then  to  increase  this  num- 
ber of  survivors  by  the  desired  percentage  before 
extending  the  calculations  to  higher  ages.  The  method 
of  determining  the  adjustment  factors  to  be  applied  to 
the  number  of  survivors  at  age  1  will  now  be  described. 

On  first  consideration,  it  might  appear  that  the 
percents  of  completeness  of  birth  registration  obtained 
from  the  birth  registration  study  could  be  used  as 
divisors  to  obtain  the  corrected  number  of  survivors. 
However,  such  a  procedure  would  not  be  consistent 
with  the  assumptions  being  made  in  connection  with 
ages  5  and  above.  At  these  ages  it  is  not  assumed  that 
the  census  figures  and  the  registered  deaths  are  100 
percent  complete,  but  rather  that  both  have  the  same 
percent  of  incompleteness.  Since  it  is  not  considered 
that  deaths  at  ages  1  to  4  are  reported  any  more  com- 
pletely than  those  at  ages  5  and  above,  the  populations 
to  be  used  in  rate  computations  at  ages  1  to  4  should  not 
be  corrected  to  a  higher  degree  of  completeness  than  the 
census  populations  at  ages  5  and  over,  if  a  consistent 
series  of  mortality  rates  is  to  be  produced. 

In  order  to  determine  the  proper  adjustment  factors, 
a  calculation  was  made,  by  two  independent  methods, 
of  the  survivors  to  exact  age  1  out  of  the  births  corre- 
sponding to  the  1940  census  population  at  each  single 
year  of  age  from  1  to  9,  inclusive.  For  example,  the 
native  population  at  age  5  (that  is,  between  the  fifth 
and  sixth  birthdays)  on  the  census  date,  April  1,  1940, 
are  survivors  of  babies  born  in  the  year  April  1,  1934, 
to  April  1,  1935.  The  survivors  to  exact  age  1  of  this 
group  of  births  were  estimated  (a)  by  subtracting  from 
the  reported  births  of  that  period  the  reported  infant 
deaths  occurring  among  this  group  of  lives  and  (b)  by 
adding  to  the  native  population  aged  5  on  April  1, 

6  The  suggestion  has  sometimes  been  made  that  this  may  be  a  genuine  phenomenon. 
See,  for  example,  Herbert  J.  Summers,  Infant  Mortality  in  Rural  and  Urban  Areas, 
Public  Health  Reports,  vol   57,  No.  40,  p.  1498,  October  1942. 


1940,  as  enumerated  in  the  census,  the  reported  deaths 
among  this  group  of  lives  after  age  1,  but  before  April 
1,  1940.  Similar  calculations  were  made  for  the  groups 
at  each  of  the  other  ages  under  10  in  the  1940  census. 
Table  AG  shows  the  results,  which  are  given  separately 
for  the  three  racial  groups:  whites,  Negroes,  and  other 
races.  It  will  be  observed  that  the  ratio  of  estimate 
(a)  to  estimate  (b)  falls  sharply  from  birth  to  age  3, 
but  from  age  3  to  age  9  merely  fluctuates  without  show- 
ing any  consistent  trend.  It  shows,  however,  a  marked 
tendency  to  be  low  at  even  ages  and  high  at  odd  ages. 
This  suggests  that  the  fluctuation  may  be  principally 
due  to  preference  for  certain  ages  in  the  census  and 
that  the  ratio  might  be  very  nearly  constant  except  for 
this  disturbance.  At  the  very  young  ages,  where  the 
ratio  is  particularly  high,  the  census  enumeration  is 
known  to  be  markedly  deficient. 

Table   AG. — Comparison  of  Stjrvivobs   to  Age    1   as   Esti- 
mated by  Two  Methods:   United  States,  1930-1939 


Age  on 
April  1, 

1940, 
incom- 
pleted 
years 

SURVIVORS   TO   FIRST  BIRTHDAY 

TIME    PERIOD    IN    WHICH 
BIRTHS     OCCURRED 
(APR.  1  TO  MAR.  31) 

Method  (a) 

(based  on 

registered 

births  and 

deaths) 

Method  (b) 

(based  on 

1940  census 

enumeration 

and  regis- 
tered deaths) 

Ratio 
(a)H-(b) 

WHITE 

1939-1940  

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

3-9 

i  1,924,622 
1, 907, 032 
1, 859, 609 
1,776,542 
1, 797, 748 
1, 807,  799 
1, 722, 081 
1, 784,  366 
1, 862, 495 
1, 911, 381 

12, 662, 412 

2  1, 777, 738 
1, 820, 840 
1, 932, 336 
1, 862, 403 
1, 892, 182 
1, 894, 413 
1, 808, 031 
1, 862,  620 
1, 964, 620 
1, 974, 105 

13,  258, 347 

1.083 

1938-1939... 

1.047 

1937-1938 

.962 

1930-1937 _ 

.954 

1935-1936.... _ 

.950 

1934-1935 

.954 

1933-1934 

.952 

1932-1933 

.958 

1931-1932 

.948 

1930-1931 

.968 

1930-1937 

.9551 

NEGRO 

1939-1940                    

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

3-9 

i  255, 798 
247, 842 
243,  215 
230, 240 
233,  585 
236, 128 
224,  318 
229,  476 
227,  439 
225, 908 

1,607,094 

2  229, 795 
230, 601 
267,  545 
263,  205 
272,  955 
266, 885 
270. 927 
265, 838 
272,  604 
256, 179 

1,868,593 

1.113 

1938-1939  ...          

1.075 

1937-1938 

.909 

1936-1937-            

.875 

1935-1936 

.856 

1934-1935. 

.885 

1933-1934                      -.  .. 

.828 

1932-1933.                  

.863 

1931-1932...       

.834 

1930-1931             -"— 

.882 

1930-1937 

.8601 

OTHER  RACES 

1939-1940                 

0 
1 
2 
3 
4 
5 
6 

8 
9 

3-9 

i  12, 137 

11,882 
11,315 
10,474 
10,  609 
10,  799 
10,214 
10,  571 
10,  743 
10, 980 

74, 390 

2 12, 129 

11,  576 
13,511 
13,  345 
13, 866 
13, 335 
12, 983 

12,  805 
13. 103 
12, 332 

91, 769 

1.001 

1938-1939           

1.026 

1937-1938.... 

.837 

1936-1937 _.- 

.785 

1935-1936 

.765 

1934-1935 

.810 

1933-1934... _ 

.787 

1932-1933 _ 

.826 

1931-1932 

.820 

1930-1931 

.890 

1930-1937 

.8106 

1  Survivors  to  Apr.  1,  1940. 

2 1940  census  population  under  1  year  of  age. 

An  average  ratio  was  therefore  obtained  for  each 
racial  group  based  on  the  totals  of  estimates  (a)  and 
(b)  for  the  entire  age  group  3  to  9  in  1940.  These 
average  ratios  (also  shown  in  table  AG)  were  then  used 
as  divisors,  in  the  construction  of  the  life  tables,  to 


108 


UNITED  STATES  LIFE  TABLES  AND  ACTUARIAL  TABLES 


inflate  the  number  of  each  group  of  survivors  to  age  1, 
as  calculated  from  births  and  deaths,  to  the  general 
level  of  completeness  of  the  census.  The  populations 
at  age  1,  2,  3,  and  4  used  in  the  actual  life  table  calcula- 
tions were  derived  from  age  1  survivors  adjusted  in 
this  manner. 

In  this  method  of  adjustment  it  is  implicitly  assumed 
that  the  completeness  of  birth  registration,  relative  to 
that  of  enumeration  in  the  census,  did  not  improve 
during  the  decade  1930  to  1940.  Similar  calculations 
were  also  made  on  the  assumption  of  a  progressive  im- 
provement in  birth  registration  during  the  decade, 
adjusting  the  reported  births  of  earlier  years  up  to  the 
level  of  completeness  of  1940.  This  produced  a  series 
of  ratios  (of  survivors  calculated  by  the  two  methods) 
decreasing  with  increasing  age,  which  would  imply  that 
the  enumeration  in  the  1940  census  at  ages  under  10 
became  less  complete  with  advancing  age.  This  seems 
absurd;  but,  on  the  other  hand,  it  appears  unlikely  that 
there  was  no  improvement  during  the  decade  in  the 
completeness  of  birth  registration.  As  the  number  of 
deaths  entering  into  the  calculation  is  small  in  relation  to 
the  total  survivors,  the  completeness  of  death  regis- 
tration is  not  an  important  factor.  In  view  of  these 
inconsistencies  in  the  data,  it  seemed  expedient  to  adopt 
the  simplest  course  and  assume,  for  this  purpose,  no 
change  during  the  decade  in  the  completeness  of  birth 
registration. 

Adjustment  for  incomplete  reporting  of  infant  deaths 
by  subdivisions  of  the  first  year  of  life 

Statistics  of  infant  deaths  for  subdivisions  of  the 
first  year  of  life  were  used  in  computing  life  table  values 
for  such  subdivisions,  as  will  be  explained  later.7  It 
has  already  been  mentioned  that  neither  births  nor 
infant  deaths  were  corrected  for  underreporting  in 
obtaining  mortality  rates  for  the  first  year  of  life  as  a 
whole,  the  assumption  being  made  that  reported  statis- 
tics of  births  and  of  deaths  under  1  year  of  age  are 
equally  complete.  Since  births  were  assumed  to  be 
deficient  in  the  proportions  indicated  in  table  AC,  this 
is  equivalent  to  the  assumption  that  total  infant  deaths 
are  deficient  in  the  same  proportions.  However,  in 
dealing  with  subdivisions  of  the  first  year,  consideration 
must  be  given  to  any  age  variation  within  the  year  in 
the  assumed  completeness  of  death  reporting.  It  has 
already  been  stated  that  the  evidence  indicates  a  pro- 
gressive improvement  with  increasing  age  from  birth 
up  to  the  first  birthday.  In  order  to  give  effect  to  this 
condition,  the  admittedly  rough  assumption  was  made 
that  the  percent  addition  which  must  be  made  to  the 
reported  deaths  at  any  specific  age  during  the  first 
year  of  life  in  order  to  correct  for  underregistration  is 
directly  proportional  to  the  time  interval  remaining  up 
to  the  first  birthday.  It  can  only  be  said  for  this 
assumption  that  it  gives  plausible  results,  and,  in  the 
absence  of  any  real  information  as  to  the  specific  age 

'  See  p.  133. 


incidence  of  nonreporting  of  infant  deaths,  it  seems  as 
reasonable  as  any  other  assumption  which  might  be 
made.  Naturally,  the  resulting  life  table  values  for 
subdivisions  of  the  first  year  cannot  be  considered  as 
reliable  as  those  for  integral  ages,  but  it  is  believed 
that  they  serve  a  useful  purpose  in  indicating  the 
general  trend  of  mortality  and  survival  in  this  im- 
portant period  of  life;  and,  in  any  case,  these  values 
are  not  an  essential  part  of  the  life  table.  The  values 
for  integral  ages  were  computed  quite  independently 
of  the  assumption  just  stated,  the  supplementary  values 
for  the  first  year  being  then  inserted  at  a  later  stage. 

In  carrying  out  the  numerical  work  under  this  as- 
sumption as  to  nonreporting  of  infant  deaths,  the  re- 
maining portion  of  the  first  year  of  life  was  taken,  for 
each  of  the  subdivisions  in  which  infant  deaths  are 
tabulated,  as  the  interval  of  time  between  the  middle 
of  such  subdivision  and  the  end  of  the  year  of  age. 
The  length  of  the  entire  year  was  taken  as  365K  days, 
this  being  the  average  length  of  the  three  calendar  years 
(1939-1941)  covered  by  the  experience.  For  this 
purpose,  1  month  was  regarded  as  being  exactly  one- 
twelfth  of  a  year  or  30%  days.  Table  AH  shows,  on 
these  assumptions,  the  number  of  days  remaining  in 
the  year  after  the  middle  of  each  subdivision  of  the  first 
year  of  fife.  The  assumption  that  the  percent  additions 
required  in  the  various  age  periods  are  proportional  to 
these  numbers  implies  that  the  actual  numbers  of  deaths 
assumed  to  be  unreported  will  be  proportional  to  the 
products  obtained  by  multiplying  the  time  intervals 
indicated  in  table  AH  by  the  numbers  of  deaths  actu- 
ally reported  in  the  corresponding  age  periods.  These 
products  were  obtained  separately  by  sex  and  for  whites, 
Negroes,  and  other  races;  and  in  proportion  to  them  the 
total  number  of  deaths  assumed  unreported  for  the 
entire  first  year  of  life  was  distributed  by  age,  in  each 
of  the  six  classifications.  These  total  numbers,  in 
turn,  were  obtained  by  dividing  the  total  deaths  re- 
ported for  the  year  by  the  proportion  assumed  to  be 


Table  AH. — Assumed  Number  of  Days  Remaining  in  the 
First  Year  of  Life  Following  the  Middle  of  Each  of 
the  Age  Periods  Indicated 


AGE  PERIOD 

Number  of 
days  remain- 
ing in  year 
after  middle 
of  period 

36456 

1  day                                                                      

3635* 

2  days -  -  -- 

:-.:; 

3  to  6  da vs  .-  - 

360H 

3545b 

3475s 

338'Ms 

319% 

289*i 

2587A 

■-:*-■ 

19759 

167*» 

"months ..  ..       .  . 

137 

1065S 

76H 

45% 

1SH 
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registered,  as  indicated  in  table  AC,  and  subtracting 
the  reported  number  from  the  result.  Within  each 
classification  by  race,  the  same  percents  of  complete- 
ness were  assumed  to  hold  for  both  males  and  females. 
The  figures  resulting  from  this  adjustment  are  shown 
in  part  III  of  table  AM,  except  those  for  "other  races" 
aged  1  to  11  months,  in  which  case  a  further  adjust- 
ment was  made  as  described  later. 

Redistribution  of  "other  races"  deaths  under  1  year  of 
age 
The  reported  deaths  for  subdivisions  of  the  first  year 
of  life  for  the  group  of  nonwhites  other  than  Negroes 
show  serious  irregularities,  due  apparently  to  the  small 
size  of  the  experience,  which,  if  not  adjusted  for,  would 
cause  a  marked  lack  of  smoothness  in  the  life  table 
values.  Accordingly,  the  deaths  occurring  at  ages  be- 
tween 1  mouth  and  1  year,  after  being  adjusted  for 
assumed  underreporting,  were  redistributed  by  fitting 
a  second  degree  curve  to  the  monthly  values  by  the 
method  of  least  squares,  subject  to  the  condition  that 
the  total  for  the  11-month  period  must  be  reproduced. 
If  yx  denotes  the  original,  and  yx  the  adjusted  number 
of  deaths  at  the  age  of  x  months,  and  if  x'  stands  for 
x—  6,  then  it  is  found  by  applying  the  usual  least  squares 
criterion  that  yx  is  given  by  the  equation: 

yx'  =  a+bx'+cx'2 


where 


1 


429 
b  = 


(892yx-5Xx'2yx) 
1 
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2x'yx 


c=m(2x'2yx-10Zyx) 

all  the  summations  being  from  x  =  l  to  11:  that  is,  from 
x'  =  —5  to +  5.  Writing  the  equation  in  terms  of  x' 
rather  than  x  makes  the  11-month  total  a  symmetrical 
expression  and  leads  to  results  of  a  simpler  form  than 
would  otherwise  be  obtained.  Table  AJ  shows  the 
calculated  number  of  deaths  in  each  of  the  1 1  months, 
both  before  and  after  the  least  squares  adjustment. 

Table  AJ. — Least  Squares  Adjustment  of  Deaths  of  Other 
Races  :  at  A.ges  1  to  11  Months:  United  States,  1939-1941 


MALE  DEATHS— 

FEMALE   DEATHS — 

AGE 

After    adjust- 
ment for  non- 
reporting  but 
before 
smoothing 

After 
smoothing 

After  adjust- 
ment for  non- 
reporting  but 
before 
smoothing 

After 
smoothing 

Total  1  to  11  months... 

1,510 

1,510 

1,391 

1,391 

251 
216 
180 
174 
138 

133 
116 
89 
100 

56 
57 

244 
217 
192 
169 
148 

128 
110 
95 
81 
68 
58 

251 
164 
184 
149 
128 

116 
97 
80 
96 
71 
55 

228 

2months__  __  _  ...  __ 

199 

3  months  _____________ 

174 

4  months _____  

151 

5  months  _.    _  _    .. 

130 

6  months _ 

113 

7  months... 

98 

8  months 

86 

9months__  _  _ 

76 

10  months     ..  ._  . 

70 

11  months 

66 

All  except  white  and  Negro. 
G48160— 46 8 


Unreported  ages  at  death 

For  a  small  proportion  of  deaths  the  age  is  not  speci- 
fied. In  order  not  to  understate  the  total  mortality, 
these  deaths  must  be  distributed  in  some  manner 
among  the  various  age  groups.  The  method  used  was 
to  divide  them  in  proportion  to  the  numbers  actually 
reported  in  each  age  group.  While  this  is  probably  not 
strictly  correct,  the  entire  number  of  deaths  involved 
is  so  small  a  fraction  of  the  total  that  little  error  could 
result.  This  problem  does  not  arise  in  connection  with 
the  population  figures,  because  in  the  1940  census 
probable  ages  were  assigned  by  a  special  process  to  all 
persons  whose  age  was  not  reported,  so  that  no  unknown 
ages  appear  in  the  final  tabulations.8 

Estimation  of  July  1,  1940,  populations 

For  ages  5  and  above,  the  populations  required  in  the 
construction  of  life  tables  for  the  3-year  period  1939- 
1941  are  those  at  the  middle  of  the  period:  that  is,  on 
July  1,  1940.  Since  the  census  was  taken  as  of  April  1, 
1940,  an  adjustment  is  necessary  to  arrive  at  the  July 
1,  1940,  figures.  For  this  purpose  the  follow  ing  formula 
was  applied  to  each  subdivision  of  the  population  by 
race  and  sex  for  each  5-year  age  group  from  age  5  to  age 
100,  and  for  the  final  group  consisting  of  ages  100  and 
over.  Estimates  for  the  age  group  3-4  years  were  also 
obtained,  to  be  used  in  the  interpolation  process  as 
described  later. 


D7/1  D4/1 

±   xlx  +  n-1 L    x/x  +  r, 


'  kUx;x  +  n-  i  +  }i(Px-  i         rz  +  n-  i)  +  Adx/x+n_l 


Here,  P*jl+n_1  denotes  the  population  on  April  1,  1940,  at 
ages  x  to  x-\-n—l,  inclusive  (that  is,  between  exact  age 
x  and  exact  age  x-\-n);  and  P'xlx+n-l  denotes  the  corre- 
sponding population  on  July  1,  1940.  Similarly,  P*Jlx 
denotes  the  April  1  population  at  age  x—  1,  and  P*+n_, 
denotes  the  April  1  population  at  age  x-\-n— 1.  Dxfxl„  _  i 
denotes  the  number  of  reported  deaths  occurring  in  1940 
at  ages  x  tox+r.  — 1 ;  and  Mx/x+n-x  denotes  the  estimat- 
ed net  immigration  (positive  or  negative)  during  the 
period  April  1  to  July  1,  1940,  at  ages  x  to  x-\-n— 1. 
The  symbol  k  denotes  the  ratio,  for  both  sexes  and  all 
races  combined,  of  the  reported  deaths  occurring  in 
April,  May,  and  June,  1940,  to  the  total  for  the  year. 
The  term  kDl^l„_x  represents  the  estimated  deaths 
occurring  in  the  particular  age  group  between  April  1 
and  July  1,  1940.  This  approximation  had  to  be  used,  as 
deaths  were  not  tabulated  simultaneously  by  month 
of  occurrence  and  by  race  or  sex.  The  term 
YiiPfli  —  Pi+n-i)  is  an  adjustment  for  the  fact  that  in 
the  3  months  between  April  1  and  July  1  some  indi- 
viduals passed  out  of  the  group  by  reaching  age  x-\-n, 
while  others  entered  from  the  next  lower  age  group  by 
reaching  age  x.  In  dealing  with  the  final  age  group 
"100  and  over,"  this  term  reduced  to  merely  ^P^, 
and    the   subscript    "x/x+n— 1"    in    the    other    terms 

*  U.  S.  Bureau  of  the  Census,  Sixteenth  Census  of  the  United  States:  1940,  Population, 
vol.  II,  Characteristics  of  the  Population,  Part  I,  p.  9,  Government  Printing  Office, 
Washington,  D.  C,  1943. 
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was  interpreted  as  "100  and  over."  The  net  immigra- 
tion was  estimated  on  the  basis  of  information  furnished 
by  the  Immigration  and  Naturalization  Service, 
Department  of  Justice.  For  the  white  population,  the 
migration  adjustment  never  exceeded  0.06  of  1  percent 
of  the  corresponding  enumerated  population  in  any 
classification. 

While  the  total  nonwhite  population  was  available 
by  single  years  of  age,  Negroes  were  tabulated  separate- 
ly only  by  5-year  age  groups  up  to  age  75  and  also  for 
a  few  selected  single  years  of  age  under  21.  The  single 
age  figures  for  Negroes  were  obtained  by  assuming 
that,  for  each  sex  separately,  the  ratio  of  Negroes  to 
total  nonwhites  was  the  same  in  each  single  year  of  age 
as  in  the  smallest  age  group  containing  that  year 
of  age  for  which  separate  figures  for  Negroes  and  other 
nonwhites  were  available.  In  each  classification, 
estimated  figures  for  "other  races"  were  obtained  by 
subtracting  Negroes  from  total  nonwhites.  A  further 
difficulty  was  encountered  in  that  the  migration 
estimates  used  were  furnished  only  for  total  nonwhites. 
and  not  for  Negroes  separately.  As  the  movement 
of  Negroes  into  and  out  of  the  United  States  is  believed 
to  be  exceedingly  small,  and  as  the  migration  estimates 
for  total  nonwhites  were  small  in  any  case,  never 
reaching  100  for  either  sex  in  any  5-year  age  group,  they 
were  assumed  to  relate  wholly  to  races  other  than 
Negroes,  no  migration  adjustment  being  made  in  the 
Negro  populations. 

The  estimates  of  July  1.  1940,  population  resulting 
from  the  application  of  the  above  formula  are  shown  in 
part  II  of  table  AM,  except  those  for  Negroes  between 
ages  55  and  70,  in  which  case  a  further  adjustment  was 
made  as  explained  in  the  next  subsection.  These  esti- 
mated populations  differ  only  slightly  from  those  previ- 
ously published  by  the  Bureau  of  the  Census.9  It  was 
decided  not  to  use  the  previously  published  estimates 
in  the  construction  of  the  life  tables  because  they  were 
based  on  a  graduated,  or  smoothed  distribution  by  single 
years  of  age  of  the  April  1  population.  While  such  a 
procedure  was  entirely  appropriate  in  preparing  popu- 
lation estimates  for  general  use,  it  was  felt  that,  in  the 
construction  of  the  life  tables,  the  smoothness  of  the 
rates  of  mortality  was  adequately  provided  for  by  the 
graduation  of  the  rates  themselves,10  and  that  there  were 
some  objections  to  graduating  the  enumerated  popu- 
lations. The  single  year  populations,  since  they  arise,  in 
the  beginning,  from  fluctuating  numbers  of  annual 
births,  cannot  be  expected  to  form  a  perfectly  smooth 
series,  and  any  genuine  irregularities  will  be  reflected 
also  in  the  death  statistics,  so  that  the  smooth  progres- 
sion of  the  rates  of  mortality  will  not  be  disturbed. 
Moreover,  this  appears  to  be  true  also,  in  large  meas- 
ure, of  the  irregularities  which  are  not  genuine,  since 
the  analysis  of  digit  preference  later  in  this  report  u 

'  U.  S.  Bureau  of  the  Census,  Estimated  Population  in  Continental  United  Stales,  by 
Ace,  Color,  and  Se2: 1940-1942,  Population— Special  Reports,  Series  P-44,  No.  9,  1944. 
">  See  pp.  122-126. 
"  See  pp.  120-122. 


indicates  that,  in  the  usual  system  of  5-year  age  grouping 
(5-9,  10-14,  etc.),  errors  of  this  type  in  the  populations 
and  deaths  tend  to  cancel  out  in  the  computation  of 
mortality  rates.  Therefore,  if  the  populations  were 
partially  smoothed,  without  subjecting  the  death  statis- 
tics to  some  similar  treatment,  the  result  might  only 
be  to  diminish  the  smoothness  of  the  mortality  rates. 

Special  adjustment  of  Negro  data 

Both  population  and  death  statistics  in  the  neighbor- 
hood of  age  65  show  evidence  of  substantial  misstate- 
ment of  age.  In  the  case  of  the  data  for  Negroes,  this 
error  appeared  sufficiently  marked  to  seriously  affect 
life  table  values.  This  condition  is  brought  out  in 
table  AK  in  which  the  1940  Negro  populations  actually 
enumerated  in  the  various  age  groups  are  compared 
with  those  expected  on  the  basis  of  the  1930  populations 
of  the  same  groups  of  individuals  (then  10  years 
younger)  and  the  deaths  of  the  intervening  period.  It 
will  be  noted  that  while  these  population  figures  show, 
on  the  whole,  a  steady  decrease  with  advancing  age, 
the  enumerated  1940  populations  level  off  sharply  at 
age  65.  The  1930  figures  do  not  show  any  such 
tendency.  Moreover,  the  expected  1940  populations, 
from  the  1930  enumeration  and  the  deaths  during  the 
decade,  are  free  from  the  leveling  off  effect.  This 
strongly  suggests  an  overstatement  in  the  1940  census 
of  the  age  groups  just  beyond  65  at  the  expense  of  those 
just  under  that  age.  This  phenomenon  is  probably 
attributable  to  the  enactment  of  social  security  legisla- 
tion providing  benefits  to  persons  over  65. 

Table  AK. — Comparison-  of  Negro  Populations  in  Certain 
Age  Groups:  United  States,  1930  and  1940 


[N 

umbers  given 

in  thousands] 

Age  in  1930 
(1) 

Age  in  1940 
(2) 

Population 

enumerated 

in  1930 

(3) 

1940  popula- 
tion estimat- 
ed from  1930 
population 
and  deaths 
(4) 

Population 

enumerated 

in  1940 

(5) 

Discrepancy 

in  1940 

estimates 

(4) -(5) 

40-44 

50-54 

339 

264 

283 

-19 

45-49 

55-59 

323 

245 

207 

+38 

50-54 

60-64 

278 

207 

154 

+53 

55-59 

65-69 

174 

109 

152 

-43 

60-64 

70-74 

133 

76 

84 

-» 

65-69 

75-79 

83 

40 

40 

0 

70-74 

80-84 

51 

20 

19 

+1 

75-79 

85-S9 

29 

7 

9 

_2 

40-44 

50-54 

348 

285 

267 

+18 

45-49 

55-59 

307 

242 

190 

+52 

50-54 

60-64 

227 

169 

142 

+27 

55-59 

65-69 

135 

83 

145 

-62 

60-64 

70-74 

109 

63 

79 

-16 

65-69 

75-79 

72 

36 

42 

-6 

70-74 

80-84 

48 

22 

22 

0 

75-79 

85-89 

29 

10 

11 

-1 

The  conclusion  that  such  misstatement  of  age  has 
occurred  is  reinforced  by  the  observation  that  mor- 
tality rates  calculated  from  the  reported  data  without 
adjustment  also  level  off  sharply  at  65,  in  the  case  of 
the   females   actually   showing   a   temporary   decrease 
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with  increasing  age-.  There  is  evidence  also  that  the 
death  statistics  have  been  affected  in  the  same  way. 
This  is  indicated  by  figure  12,  which  shows  the  trend 
for  the  period  1933-1941  of  the  ratio  of  Negro  deaths 
in  certain  selected  age  groups  to  those  occurring  in  the 
same  year  in  the  age  group  50-54.  The  age  groups 
selected  extend  from  age  55  to  age  80.  The  general 
tendency  of  each  of  these  ratios  over  any  fairly  long 
period  is  to  increase  gradually,  because  of  the  steadily 
increasing  proportion  of  the  population  in  the  older  age 
groups.  In  every  year  of  the  period  covered  by  the 
graph,  the  Negro  deaths  by  5-year  age  groups  have 
reached  a  maximum  in  the  group  50-54,  and  prior  to 
1937  have  decreased  steadily  thereafter  to  the  end  of 
life.  However,  in  1937  and  each  subsequent  year,  the 
reported  deaths  for  Negro  males  in  the  age  period  65-69 


it  seemed  advisable  to  make  a  preliminary  redistribu- 
tion of  the  Negro  populations  and  deaths  between  55 
and  70.  After  experimenting  with  various  empirical 
methods  of  redistribution,  the  one  described  in  the  next 
paragraph  was  adopted  as  giving  the  most  plausible 
results. 

From  the  estimated  July  1,  1940,  populations,  ob- 
tained as  previously  described,  the  ratio  of  the  Negro 
population  50  and  over  to  the  corresponding  white 
population  was  obtained,  for  males  and  females  sepa- 
rately. Similar  ratios  were  obtained  for  the  population 
55  and  over,  60  and  over,  and  so  on  up  to  and  including 
75  and  over:  a  total  of  six  ratios  for  each  sex.  The 
calculated  ratios  for  ages  60  and  over  and  65  and  over 
were  rejected,  and  corrected  values  of  these  ratios  were 
obtained   by   interpolation   from   the   remaining   four 


Figure  12. — Ratio  of  Negro  Deaths  in  Selected  Age  Groups  to  Negro  Deaths  at  Ages  50-54  in  the 

Same  Year:  United  States,  1933-1941 
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have  exceeded  those  in  the  group  60-64.  In  this 
connection  it  will  be  remembered  that  the  Social 
Security  Act  was  enacted  in  1935  and  that  State  old- 
age  assistance  programs  as  provided  by  the  act  did  not 
go  into  operation  until  1936  or,  in  a  few  States,  even 
later.  In  the  case  of  Negro  females  the  effect  is  less 
noticeable,  although  the  number  of  deaths  in  these  two 
age  groups  began  in  1937  to  move  closer  together,  and 
in  1940  there  was  actually  a  larger  number  in  the  group 
65-69.     In  view  of  the  magnitude  of  this  disturbance, 


ratios,  using  Waring's  formula.12  By  applying  these 
corrected  ratios  to  the  white  populations  60  and  over 
and  65  and  over,  corrected  Negro  populations  were 
obtained.  By  inserting  these  corrected  values  in  the 
original  series  of  Negro  populations  50  and  over,  55  and 
over,  etc.,  and  differencing,  corrected  populations  by 
5-year  age  groups  were  obtained.    By  tins  method,  only 

"Also  known  as  Lagrange's  formula.  See  E.  T.  Whittaker  and  G.  Robinson. 
The  Calculus  of  Observations,  second  edition,  pp.  28-32,  Blackie  and  Son,  Ltd.,  London 
and  Glasgow,  1937;  also  T.  N.  E.  Greville,  A  Generalization  of  Waring's  Formula, 
Annals  or  Mathematical  Statistics,  vol.  15,  No.  2,  pp.  218-219,  June  1944. 
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the  figures  for  the  age  groups  55-59,  60-64,  and  65-69 
are  changed,  and  these  automatically  add  to  the  original 
total  for  the  entire  15-year  age  period.  The  method 
does  not  assume  that  the  white  and  Negro  populations 
have  similar  age  distributions,  but  merely  that  the  ratio 
between  them  progresses  fairly  smoothly  by  age.  The 
Negro  deaths  reported  in  these  three  age  groups  were 
redistributed  by  relating  them  to  the  corresponding 
white  deaths  in  the  same  manner.  Table  AL  shows  the 
original  figures  for  Negro  populations  and  deaths  and 
also  the  adjusted  figures  obtained  in  the  redistribution. 
For  comparison,  the  figures  for  the  two  adjacent  age 
groups  on  each  side  are  also  shown. 

Table  AL. — Original  and  Redistributed  Negro  Statistics 
for  Ages  55  to  69: '  United  States,  1939-1941 


DBliTHS,  1939-1941 

ESTIMATED  POPULATIONS, 
JULY   1,   1940 

AGE 

Male 

Female 

Male 

Female 

Re- 
ported 

Ad- 
justed 

Re- 
ported 

Ad- 
justed 

Origi- 
nal 2 

Ad- 
justed 

Origi- 
nal i 

Ad- 
justed 

50-54. 

55-59. 

60-64 

65-69 

70-74 

56-69 

25, 041 
22, 485 

20,  306 

21,  760 
16,938 

64,  551 

25, 041 
23,335 
21,452 
19,  764 
16, 938 

64,  551 

20, 677 
18,  531 
17,038 
16,956 
13,  286 

52,  525 

20, 677 
19, 162 
17,  540 
15.823 
13, 286 

52,  525 

285,012 
208, 656 
154,  632 
151,407 
84,  436 

514,  695 

285, 012 
218, 324 
168,  242 
128,129 
84,  436 

514,  695 

270, 679 
191,534 
142,  381 
144,314 
79, 945 

478,  229 

270, 679 
203.  048 
155,  619 
119,  562 
79, 945 

478,  229 

1  Adjacent  5-year  age  groups  also  shown  for  comparison. 

2  Calculated  from  reported  data  by  the  formula  given  on  p.  109. 

Estimation  of  foreign-born  population  under  5 

As  will  be  explained  later  when  the  method  of  calcu- 
lating mortality  rates  under  5  is  described,  the  distribu- 
tion by  nativity  of  the  1940  population  in  this  age  group, 
separately  by  sex,  race,  and  single  years  of  age,  was  re- 
quired. For  whites,  the  census  tabulations  give,  for 
males  and  females  separately,  the  number  of  foreign- 
born  under  1  year,  the  number  at  ages  1-4,  and  the 
number  at  age  5.  Single  year  figures  for  both  sexes 
were  obtained  by  assuming  that  the  figures  for  single 
years  starting  with  age  1  and  ending  with  age  5  formed 
an  arithmetic  progression.  This  assumption  was  sug- 
gested by  a  study  of  the  data  of  previous  censuses,  in 
which  the  complete  detail  was  available.  The  resulting 
values  were  then  distributed  by  sex  in  the  same  ratio 
as  the  entire  age  group  1-4,  and  rounded  to  add  to  the 
correct  total. 

Nativity  was  tabulated  for  Negroes  by  5-year  age 
groups  oidy,  and  the  foreign-born  Negroes  under  age  5 
were  distributed  by  single  years  of  age  on  the  assump- 
tion that,  for  each  sex  separately,  the  numbers  for  the 
first  5  years  of  age  formed  an  arithmetic  progression  in 
which  the  common  difference  was  equal  to  the  number 
under  1  year  of  age.  In  the  case  of  the  remaining 
races,  foreign-born  were  given  by  age  only  for  Chinese 
and  Japanese.  Hence,  it  was  assumed  that  there  were 
no  foreign-born  under  age  5  of  races  other  than  white, 


Negro,  Chinese,  and  Japanese.  In  actual  fact,  the 
number  of  such  children  is  believed  to  have  been  very 
small.  The  estimated  native  population  in  each  classi- 
fication was,  of  course,  obtained  by  subtracting  the 
estimated  foreign-born  from  the  total. 

B.  CALCULATION  OF  THE  RATES  OF 
MORTALITY 

The  description  of  the  process  of  obtaining  rates  of 
mortality  divides  itself  naturally  into  two  main  parts, 
corresponding  to  ages  0  to  4  and  ages  5  and  over,  since 
the  methods  used  in  the  two  cases  were  very  different. 
In  connection  with  the  calculation  of  mortality  rates 
for  ages  0  to  4,  two  subordinate  topics  are  discussed 
under  separate  subheadings.  These  are  (1)  the  deriva- 
tion of  separation  factors  for  estimating  the  distribu- 
tion of  deaths  by  calendar  year  of  birth,  and  (2)  the 
adjustment  of  the  mortality  rates  to  allow  for  the  effect, 
of  migration. 

Basically,  the  method  employed  in  obtaining  rates 
at  ages  5  and  over  consisted  of  three  steps.  First, 
populations  and  deaths  were  estimated  by  interpola- 
tion for  the  middle  age  of  each  of  the  5-year  age  groups 
in  which  the  data  were  tabulated.  Secondly,  rates  of 
mortality  for  these  middle  ages  (at  5-year  intervals) 
were  computed  from  the  interpolated  populations  and 
deaths.  Finally,  oscillatory  interpolation  was  applied 
to  the  mortality  rates  derived  hi  the  second  step  in 
order  to  obtain  rates  for  all  ages.  In  the  discussion 
which  follows,  each  of  these  three  steps  is  treated  under 
a  separate  subheading.  Additional  subsections  are 
devoted  to  (1)  a  justification  of  the  basic  procedure 
just  described,  as  against  other  procedures  which  have 
sometimes  been  employed,  and  (2)  a  description  of  the 
tests  which  were  applied  to  the  final  rates  of  mortality 
in  order  to  be  sure  that  the  graduation  was  satisfactory. 
Further  subsections  deal  with  two  digressions  from  the 
main  theme:  (a)  an  analysis  of  preferences  shown  in 
the  reporting  of  age  for  figures  ending  with  certain 
digits  and  the  effect  of  this  bias  on  mortality  rates, 
with  reference  to  the  selection  of  a  particular  way  of 
comb  hung  single  ages  into  5-year  age  groups;  and  (b) 
the  method  used  in  obtaining  mortality  rates  at  the 
very  old  ages,  where  the  ordinary  methods  fail  to  give 
satisfactory  results,  because  of  unreliable  age  report- 
ing and  the  small  volume  of  data. 

All  the  basic  data  actually  used  in  the  construction 
of  the  various  life  tables  are  given  in.  table  AM.  Part 
I  of  that  table  contains  the  data  required  in  the 
computation  of  mortality  rates  for  ages  0  to  4, 
inclusive;  while  part  II  contains  the  data  used  in 
deriving  mortality  rates  for  ages  5  and  over.  Part 
III  contains  certain  additional  data  required  in 
obtaining  life  table  values  for  subdivisions  of  the 
first  year  of  life. 
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Table  AM. — Data  Employed  in  the  Computation  of  Mortality  Rates  for  the  United  States,  1939-1941 

Part  I— AGES  UNDER  5 
A — Registered  births,  and  registered  deaths  at  certain  ages  under  5,  by  race  and  sex,  1984-1941 


RACE,  SEX,  AND  ITEM  TABULATED 

1941 

1940 

1939 

1938 

1937 

1936 

1935 

1934 

WHITE   MALES 

1, 133,  394 

52, 191 
4,717 
2,517 
1,756 
1,363 

1, 071,  509 

38,  742 
3,995 
1,954 
1,444 
1,105 

149, 147 

12, 180 

1,339 

615 

341 

261 

145, 407 

9,708 

1,211 

534 

344 

263 

7,193 

689 
159 
66 
33 
22 

6,777 

554 
160 
71 
38 

22 

1,064,067 

51,477 
4,929 
2,592 
1,731 
1,432 

1,003,886 

38, 013 
4,124 
2,130 
1,442 
1,131 

140, 675 

11,482 

1,361 

605 

341 

275 

138, 194 

8,920 

1,071 

490 

304 

270 

6,942 

691 
116 
69 
29 
22 

6,635 

549 
124 
62 
36 

26 

1, 019, 021 

50,  201 
5,292 
2,759 
2,012 
1,572 

963,  650 

37,  683 
4,542 
2,181 
1,598 
1,276 

137, 072 

11,201 

1,388 

595 

415 

329 

132,988 

8,598 

1,170 

530 

359 

298 

6,507 

642 
175 
65 
40 
30 

6,350 

611 
157 
68 
32 
26 

1, 030,  398 

54, 121 
6,366 
3,255 
2,334 
1,729 

975,  557 

40,411 
5,574 
2,780 
1,850 
1,416 

135, 328 

11,636 

1,660 

724 

445 

356 

132, 372 

9,269 

1,407 

601 

413 

338 

6,815 

771 
149 
68 
43 
31 

6,492 

594 
161 
65 
53 
29 

991,  356 

55,  540 
6,781 
3,671 
2,461 

937, 081 

41,  575 
5,  906 
3,098 
2,042 

132, 990 

11,951 

1,771 
728 
457 

129, 472 

9,613 

1,441 

621 

428 

6,295 

750 
192 
68 
41 

6,143 

607 
191 
68 
41 

966,  332 

56,  970 
7,491 
3,834 

915,551 

42,  601 
6,165 
3,158 

127,  017 

12, 067 

1,720 

710 

124,081 

9,605 

1,399 

660 

6,116 

795 
179 
55 

5,693 

625 
166 
68 

969,  916 

50,424 
7,183 

918,  096 

41,548 
6,137 

129,578 

11,700 
1,618 

125,  .546 

9,263 
1,406 

5,995 

761 
212 

5,974 

567 
194 

975  804 

Registered  deaths: 
Age: 
Under  1        - 

60,319 

1                _ _ 

2                

3 

4 .'.. _ 

WHITE  FEMALES 

922  697 

Registered  deaths: 
Age: 

45, 302 

1                    .  

2                   

3               _ _ 

4                  _ 

NEGRO  MALES 

130  795 

Registered  deaths: 
Age: 
Under  1       - 

13, 053 

1            _ _ __  

2            --- - - - --. 

3 

4         _ - - 

NEGRO  FEMALES 

126,311 
10, 410 

Registered  deaths: 
Age: 
Under  1        -.  

1 _ 

2              

3 

4            _   

OTHER  RACES,  MALES 

Registered  births     

6,104 
684 

Registered  deaths: 
Age: 
Underl - 

1       

2    --- 

3        

4    _ 

OTHER  RACES,  FEMALES 

Registered  births 

5,925 
589 

Registered  deaths: 
Age: 
Underl 

I    

2 

3    

4 

B— Estimated  distribution  by  nativity,  race,  and  sex 

of  the  enumerated  population  under  5  on  Apr 

.  1,  1940 

NATIVITY  AND  AGE 

WHITE 

MEGRO 

OTHER  RACES 

Male 

Female 

Male 

Female 

Male 

Female 

Age: 
Underl 

NATIVE 

906, 653 
925, 801 
977, 608 
933, 924 
953, 26.5 

244 

697 

862 

1,126 

1,390 

871,  085 
889,  247 
940, 835 
908, 668 
914, 098 

261 

579 

834 

1,091 

1,347 

113,809 
114, 602 
131, 392 
127, 357 
134, 509 

1 
3 
4 
5 

7 

115,986 
114, 509 
132,  779 
131,  223 
132, 855 

3 
5 
8 
10 
13 

6,085 
5,752 
6,589 
6,379 
6,730 

8 
15 
23 
30 
38 

6,044 

1_ ._ _ 

5,642 

2 

6,538 

3 ._ 

6,456 

4 

6,532 

Age: 
Under  1 

FOREIGN-BORN 

5 

1 _ 

'2 

10 
16 

3 

21 

4.. 

26 
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Table  AM. — Data  Emploted  in  the  Computation  of  Mortality  Rates  for  the  United  States,  1939-1941 — Continued 

Part  II— AGES  5  AXD  OVER 
Registered  deaths,  1939-1941,  and  estimated  population  on  July  1,  19!/),  by  race  and  sex,  for  ages  3  and  over 


SEX  AND  AGE 


OTHER  RACES 


Registered 
deaths, 
1939-1941 


Estimated  Registered  :  Estimated  Register'-d  Estimated 
population,  ,  deaths,  population,  death?.  population. 
July  1,  1940         1939-1941         July  1.  1940        1939-1941  -     July  1,  1940 


3-4___. 
5-9.... 
10-14.. 
15-19. 
20-24. 

25-29. 
30-34. 
35-39. 
40-44. 
45-49. 

50-54. 
55-59. 
60-64. 
65-69. 
70-74. 


75-79. 
80-84. 
85-89. 
90-94. 
95-99. 


100  and  over. 


3-4... 
5-9... 
10-14. 
15-19. 
20-24. 

25-29. 
30-34. 
3.5-39. 
40-44. 
45-49. 

50-54. 
55-59. 
60-64. 
65-69. 
70-74. 

75-79. 
80-84. 
85-89. 
90-94. 
95-99. 


100  and  over. 


9,866  i 
16,716  ! 
17.062  I 
28,507 
35,  522 

37,146 
42,  405 
53,285 
72,956 
105,256 

142  217 
173, 192 
201,341 
229,887 
235,612 

208,875 

157.  479 

76,515 

23,084 

4,396 

626 


7,996 
12,109 
11.334 
19. 140 
25,  475 

29,490 
33.709 
39.  77-1 
50.335 
68,003 

87,083 
107, 050 
135,810 
171,664 
193, 091 

189,795 
159,109 

31,981 
7,365 

1,064 


1,894.925 

4,  736,  987 

5,  234,  717 
5,511,945 
5, 131, 965 

4, 905, 853 
4, 588, 155 
4,  253, 778 
4, 02L  881 
3, 841, 840 

3, 461, 903 
2,808.550 
2,  238,  579 
1, 749. 889 
1, 190,  567 

683,763 

342,554 

114.282 

25.  165 

4,292 

573 


1.S31.178 

4.  576,  540 

5.  069,  216 
5.  436.  705 
5.241,255 

5. 030,  298 
4.651.966 
4,  267. 585 
3,969,185 
3, 699. 217 

3.  242, 931 
2,658,635 
2. 191. 641 
1,  776,  057 
1.  227.  732 

740,120 

395, 970 

145, 982 

37,184 

6,825 

929 


1,962 
3,003 
3.438 
7,043 
10,661 

12.  472 

13.  <Vi2 
15,927 
18,961 
21,830 

25,041 
23,335 
21,  452 
19.  764 
16,938 

11,302 
7,048 
4,296 
2,060 
961 

628 


1.133 


260,949 
646,283 
I  SB  B72 
633,259 
551,484 

530,348 
470, 605 
457,586 
408,541 
346,047 

285,  012 
21M24 
168,242 
128.129 
84,436 

41,108 

18.709 
8.902 
3.279 
1.274 


1.838 

263,942 

2.579 

r.52.  833 

3,012 

665,957 

-    '.' 

675,  628 

11.246 

644,699 

12.  253 

617,641 

12.930 

528,854 

1 5,  520 

517.645 

17.  .TO 

426.087 

18,194 

342,504 

20.677 

270.  679 

19, 162 

203,048 

17.540 

155,619 

15.823 

1 19,  562 

13,286 

79.945 

9.237 

42,764 

6,061 

21.721 

4.217 

11.370 

2,380 

4.911 

1.144 

2.  HI 

1,383 


176 
242 
222 
42C 
475 

471 
56) 

670 
676 
758 

894 
1,030 
1,129 
1,031 

804 

667 

443 

248 

131 

41 

42 


180 

216 
213 
414 
479 

399 
283 
312 
292 
328 

342 
345 
371 
387 
376 

321 
2S2 
158 
104 
39 


13,142 
30,765 
31.773 
34.184 
28,808 

28,938 
29,031 
28,393 
24,272 
18,404 

17,892 
14,140 
11,104 
7,260 
3,848 

2,266 

1.042 

494 

181 

71 

41 


13,015 

30,  786 

30.405 
30.838 
24,087 

18,265 
14,085 
13,968 
13,201 
11.155 

8,330 



4.611 
3.  745 
2.21^ 

1.  501 

771 

407 

174 

73 

S 


PART  III— SUBDIVISION'S  OF  THE  FIRST  YEAR  OF  LIFE 

Estijywted  total  deaths  under  1  year  by  age,  race,  and  sex 


WHITE 

NEGRO 

OTHER   RACES 

Male 

Female 

Male 

Female 

Male 

Female 

Total . 

163, 592 

121, 704 

» 
42,467  '              33,178 

2.68S 

2,278 

Under  1  day.   ..  . . 

52.  275 
13.507 
8,555 
12.773 
8,263 
5,418 
4,749 

11.823 
9,281 
7,460 
5.906 
5.045 
4.119 
3,711 
3.224 
2.768 
2.446 
2.269 

38, 12-2 
9.437 
5,558 
8.997 
6.347 
4.231 
3.475 

8.624 
7.130 
5.895 
4,750 
3.998 
3.483 
2.914 
2.600 
2.292 
1,935 
1.916 

9.913                   7. 4S7 
2,  SP2                   2. 222 

420 
93 
86 

218 

159 
99 

103 

244 
217 
192 
169 
148 
128 
110 
95 
81 
68 
58 

332 

1  dav    .      ..    

84 

2  davs _ 

Z102 
3.639 
2.632 
1.662 
1.423 

3.607 

2.73-t 

2,335 

2.017 

1.607 

1,508 

1.197 

1,066 

857 

699 

666 

1.372 
2.516 
2.208 

1.378 
1.195 

2.894 

2.255 

1.978 

1.631 

1.317 

1.200 

921 

778 

733 

535 

558 

3  to  6  days 

135 

1  week 

113 

2  weeks .  . 

74 

3  weeks  to  1  month.  ..     .. 

72 

1  month . ....    . 

228 

2months.      ... 

199 

174 

4  months    ..  ._      ..... 

151 

5  months .    .. ...  ...  .    

130 

6  months...  .  ..      .  ...  . 

113 

7  months  ..  ..     _     ._ 

98 

8  months    ..  .  .     ..     . 

86 

76 

10  months.  .     . .  ... 

7'1 

11  months . 

66 
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Basic- process  for  obtaining  mortality  rates  at  ages  0  to  4 
The  basic  equation  employed  in  obtaining  mortality 
rates  at  ages  0  to  4  is  based  on  the  interpretation  of  the 
rate  of  mortality  as  a  probability  of  death.  For  example, 
the  rate  of  mortality 13  at  age  x,  denoted  by  qx,  can  be 
regarded  as  the  probability  that  a  person  exactly  x 
years  old  will  die  before  reaching  exact  age  x+1. 
Similarly,  the  complement  px=l—qx  represents  the 
probability  that  an  individual  exactly  x  years  of  age 
will  survive  to  exact  age  x-\-l.  In  order  to  facilitate  its 
calculation  from  the  data  available,  px  may  be  expressed 
as  the  product  of  two  separate  probabilities.    Thus:1* 

7>x=«PxiPz 

where  apx  denotes  the  probability  that  an  individual 
alive  at  exact  age  x  will  survive  to  the  end  of  the 
calendar  year  in  which  this  exact  age  was  attained,  and 
ipx  denotes  the  probability  that  an  individual  who  is 
alive  at  the  end  of  the  calendar  year  in  which  he  at- 
tained age  x  will  survive  to  exact  age  x-\-l.  It  follows 
that: 

2^=1  —  aPxlPx  (10) 

this  being  the  basic  formula  employed  in  computing 
mortality  rates  at  ages  0  to  4.  In  order  to  derive  ex- 
pressions for  the  partial  probabilities  apx  and  spx  in 
terms  of  the  data  as  given,  the  following  special  symbols 
will  be  employed: 

Exz  denotes  the  number  reaching  exact  age  x 
during  the  calendar  year  z. 

Pxz  denotes  the  number  living  on  January  1  of 
the  year  z  whose  age  in  completed  years  is  a,*. 

Dx  denotes  the  number  dying  in  the  year  z 
whose  age  in  completed  years  at  the  time  of 
death  is  x. 

aT)x  denotes  that  portion  of  Dxz  consisting  of 
cases  in  which  exact  age  x  was  reached  during  the 
year  z. 

iDx  denotes  that  portion  of  Dx  consisting  of 
cases  in  which  exact  age  x  was  reached  during  the 
year  2—1. 

Ex  denotes  the  total  number  reaching  exact  age 
x  during  the  entire  period  of  observation,  which  is 
assumed  to  be  an  integral  number  of  years. 

Px  denotes  the  total  number  who,  after  attain- 
ing exact  age  x  during  the  period  of  observation, 
are  still  alive  at  the  end  of  the  year  in  which  exact 
age  x  was  attained. 

Px"  denotes  the  total  number  who  are  alive  at 
the  end  of  the  year  in  which  age  x  was  attained, 
and  .  whose  (i+l)th  birthday  falls  within  the 
period  of  observation. 

13  The  rates  of  mortality  shown  in  the  life  tables  which  appear  in  this  volume 
(except  in  the  case  of  tables  14, 25,  and  38)  are  values  of  l,000?i,  the  rate  of  mortality  per 
1,000  survivors  at  age  i.  However,  in  developing  the  mathematical  theory  of  the  life 
table,  it  is  more  convenient  to  use  the  rate  of  mortality  per  single  survivor. 

"  The  notation  employed  in  this  development  follows,  with  slight  modifications, 
that  of  Hugh  H.  Wolfenden  in  Population  Statistics  and  Their  Compilation  (Actuarial 
Studies,  No.  S),  pp.  70-84,  Actuarial  Society  of  America,  New  York,  1925.  The  basic 
formula  (10)  given  here  is  Wolfenden's  formula  (12),  p.  76. 


u  and  v  denote,  respectively,  the  first  and  last 
years  included  in  the  period  of  observation. 
Certain   relationships   between   these    symbols   are 
immediately  apparent.     For  example, 


and 


E "—  D  Z=P  z+1 
P/-sDxz=Ex\i 


(11) 
(12) 


If  birth  and  death  statistics  were  available  in  the 
necessary  detail,  it  would  be  possible,  by  successive 
applications  of  formulas  (11)  and  (12),  to  obtain  values 
of  Exz  and  Px  for  any  desired  ages.  It  is  to  be  noted 
that  E0Z  denotes  the  number  reaching  age  0 :  that  is,  the 
number  of  births,  in  the  year  z. 

For  example,  suppose  it  is  desired  to  find  the  number 
alive  on  January  1,  1940,  at  age  4  in  completed  years, 
and  also  the  number  reaching  exact  age  5  in  1940. 
Anyone  whose  age  in  completed  years  on  January  1, 
1940,  is  4,  or  who  reaches  exact  age  5  in  1940,  must 
have  been  born  in  1935.  Therefore,  one  would  start 
with  E01935,  the  number  of  births  occurring  in  that  year. 
Formula  (11)  gives: 

E1  1935 n  !935 P  1936 

■'-'o  aLJa  L    o 

and  formula  (12)  gives: 

By  continuing  in  this  fashion  and  applying  formulas 
(11)  and  (12)  alternately,  the  desired  values  would 
eventually  be  reached,  provided,  of  course,  the  necessary 
birth  and  death  statistics  are  available. 

It  is  obvious  from  the  definition  of  Ex,  Px  ,  and  Px" 
that 


and 


ET—y^Er. 


B+l 

P,'=SJY 

Z=U+\ 


PX"  =  T,P*' 


(13) 
(14) 

(15) 


Finally,  the  values  of  the  partial  probabilities  apx  and 
ipx,  on  the  basis  of  the  experience  which  is  being 
employed,  are  given  by: 

aP*=^  (16) 

and 


Ex 


.v  _^±i 


(17) 


Formulas  (11)  to  (17)  and  formula  (10)  would  seem 
to  provide  the  means  of  computing  mortality  rates  up 
to  any  age  desired,  if  adequate  birth  and  death  statistics 
are  available.  There  remain,  however,  two  difficulties. 
In  the  first  place,  deaths  are  not  ordinarily  tabulated  so 
as  to  give  the  separate  parts  denoted  by  aDz  and  sDT; 
and,  secondly,  the  effect  of  migration  has  been  ignored. 
The  methods  employed  in  order  to  overcome  these  two 


116 


UNITED  STATES  LIFE  TABLES  AND  ACTUARIAL  TABLES 


difficulties  form  the  subject  of  the  next  two  subsections. 
However,  it  will  be  useful,  before  taking  up  these  rather 
technical  points,  to  give  a  numerical  illustration  of  the 
application  of  the  formulas  just  derived.  In  this  il- 
lustration, the  required  values  of  aDx  and  }DX  will  be 
given  without  explanation  as  to  how  they  were  ob- 
tained; and,  inasmuch  as  the  correction  for  migration 
was  made  as  a  final  adjustment  in  the  mortality  rates, 
after  the  calculations  had  been  otherwise  completed, 
the  consideration  ol  this  point  can  easily  be  postponed. 

Another  point  which  needs  to  be  mentioned  at  this 
time  concerns  the  method  of  applying  the  correction  for 
underreporting  of  births  and  infant  deaths.  Since 
these  were  assumed  to  be  equally  complete,15  the  rates 
of  mortality  at  age  0  were  obtained  from  registered 
figures  without  applying  any  correction.  To  this  end, 
the  calculations  were  begun  by  taking  as  the  values  of 
E„  the  number  of  births  registered  in  the  various 
years.  By  the  subtraction  of  registered  deaths,  values 
of  P0*  and  E\  were  obtained.  The  values  of  g0  were 
computed  from  these  three  sets  of  quantities  as  indi- 
cated by  formulas  (13)  to  (17)  and  formula  (10). 
Next,  the  values  of  E\  were  corrected  for  underreport- 
ing by  dividing  by  the  ratios  derived  for  that  purpose,16 
which  were  based  on  comparison  with  census  popula- 
tions in  the  age  period  3  to  9.  These  adjusted  values 
of  Eiz  were  taken  as  the  starting  point  in  obtaining 
corrected  values  of  Px  and  Ex  for  subsequent  ages, 
it  being  assumed  that  deaths  occurring  at  ages  1  and 
over  required  no  correction.  Mortality  rates  at  ages 
1  to  4  were  then  computed  entirely  on  the  basis  of 
corrected  figures. 

The  calculation  of  mortality  rates  at  ages  0  to  4  for 
white  males  will  be  taken  as  a  numerical  illustration  of 


"  See  p.  106. 

»  These  ratios  are  given  in  the  final  column  of  table  AG',  p.  107 


the  process.  The  registered  births  for  each  of  the  8 
years  1934  to  1941  are  given  in  part  I  of  table  AM. 
page  113.  Those  values  of  aDx  and  J)z  which  will  be 
needed  in  the  computations  are  shown  in  table  AX. 
The  calculation  of  the  values  of  P0  and  Ex  and  the  ad- 
justment of  Ex  for  underreporting  are  shown  in  table 
AO.  For  the  births  of  the  years  1934  to  1937,  the 
number  of  survivors  to  the  end  of  the  year  of  birth  is 
not  required,  since  the  children  concerned  will  have 
reached  age  1  before  January  1,  1939,  the  commence- 
ment of  the  period  of  observation.  Therefore,  for  the 
births  of  these  years,  the  total  number  of  infant  deaths 
to  be  subtracted,  although  the  sum  of  two  figures  in 
table  AN,  is  shown  as  a  single  figure  in  table  AO.  It 
will  be  noted  that  each  of  these  totals  contains  deaths 
occurring  in  two  different  calendar  years.  In  each  case, 
the  number  of  survivors  to  exact  age  1  of  the  registered 
births  is  corrected  for  underregistration  by  dividing  by 
.9551 ,  the  ratio  previously  derived  for  that  purpose.17 

Table  AN. — Deaths  of  White  Males  at  Ages  0  to  4,  by  Age 
and  Year  of  Death,  Separated  According  to  Whether 
Death  Ocvrred  in  the  Same  Year  as  the  Last  Birthday 
Attained,  or  in  the  Following  Year:  United  Ftates, 
] 934-1 941 


CLASS  'iF 

YEAR  OF  DEATH 

DEATHS 

1934 

1935 

1936 

1937 

1938 

1939 

1940 

1941 

„D.              

49. 039 
(') 
(') 
(>) 
(>> 
0) 
(') 
(') 
(») 
(') 

45,196 
11,228 
4.238 

(5 

(») 
(>) 
o 
m 

c) 

0) 

46, 6;« 
10.  312 
4,420 
3,  07 1 
2,032 

(') 

(>) 

(') 

(') 

0) 

44.654 
10,886 
4,001 
2,780 
1,946 
1,725 
1,280 

(») 

P) 

(») 

44.542 
9.579 
3,756 
2.  fiin 
1,725 
1,530 
1,214 
1,120 
899 
(•) 

41,165 

9,036 

3.122 

2,170 

1,462 

1,297 

1,046 

966 

817 

755 

43.  138 

8,339 

2,908 

2,021 

1.374 

1,218 

900 

831 

745 

687 

43.423 

8.768 

„D, 

iO, 

2,783 
1,934 

aft -- 

iDi 

1.334 
L183 

aD% 

913 

j  Di 

843 

aD, 

iD, 

709 
654 

1  For  explanation  of  the  symbols  in  this  column,  seete.xt,  p.  115. 
''  Value  not  needed  in  life  table  calculations. 


See  table  AG,  p.  107 


Table  AO. — Number  of  Registered  Bikths  of  White  Males,  Number  Surviving  Specified  Periods,  and  Adjustment  for 

Underreporting,  bt  Year  of  Birth  (z):  United  States,  1934-1941 


1934 


1935 


1936 


1937 


1938 


1939 


1940 


1941 


Registered  births  (E„') 

Deaths  to  be  subtracted  (v,Do') 

Survivors  to  end  of  year  of  birth  (Po0 

Deaths  to  be  subtracted  (sDo'+1) 

Survivors  to  exact  age  1  (-E'i,+1) 

Survivors  to  exact  age  1  (corrected  for  underreporting) 

1  Not  needed  in  life  table  calculations. 


975.804 
49, 039 

(') 
11,228 

915.  537 

958.577 


969.  916 
45.1% 

(') 
10.  312 

914,408 

957. 395 


966.332 
46,658 

(') 
10,886 

908,788 

951. 511 


991. 356 
44,654 
(■) 

9,579 
937.  123 
9S1.17S 


1, 030.  398 

44,542 

985,856 

9.036 

976.  820 

1. 022,  741 


1,019.021 

41.165 

977,856 

8,339 

969.  517 

1. 015. 095 


1.064.067 
43.138 
1.  020,  929 
8,768 
1.  012. 161 
1.059,743 


1, 133,  394 

43,423 

1. 089,  971 

(') 

0) 

(') 


Continuation  of  the  process  of  subtracting  the  appro- 
priate groups  of  deaths,  in  accordance  with  formulas 
(11)  and  (12),  gives  the  various  numbers  shown  in 
table  AP.  In  the  case  of  the  births  of  the  years  1934 
to  1936,  the  deaths  occurring  between  the  attainment 
of  age  1  and  January  1,  1939,  can  be  lumped  together, 
as  it  is  not  necessary  to  know  the  number  of  survivors 
on  any  prior  date.  It  will  be  noted  that  the  successive 
death  figures  to  be  subtracted  from  a  given  year's 
births  form  a  sort  of  broken  diagonal  extending  down- 
ward and  to  the  right  in  table  AN.  consisting  of  JD0  from 


the  column  for  the  given  year  itself,  iD0  and  aDx  from 
the  column  for  the  following  year.  J)i  and  aD2  from  the 
column  for  the  next  following  year,  and  so  on.  After 
January  1,  1939.  has  been  reached,  the  successive  death 
figures  must  be  subtracted  one  by  one,  noting  the  remain- 
der after  each  subtraction,  until  the  cohort  has  been 
carried  to  January  1,  1942,  after  which  no  further 
values  are  needed.  The  various  numbers  of  survivors 
shown  in  table  AP  are  arranged  not  according  to  the 
year  of  birth,  but  according  to  the  calendar  year  in 
which  the  indicated  exact  age  is  attained,  or  at  the 
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beginning  of  which  the  indicated  population  exists. 
In  those  lines  of  the  table  which  give  values  of  Px, 
the  total  for  1939-1941  is,  of  course,  Px" ,  while  the  total 
for  1940-1942  is  Px' . 

Values  of  apx  and  $px  for  ages  1  to  4  obtained  from 
the  figures  in  the  last  two  columns  of  table  AP  are 
given  in  table  AQ  which  also  shows  the  calculation  of 
the  mortality  rates  except  for  the  final  adjustment  for 
migration.  The  calculations  for  age  0  are  not  shown, 
since  in  that  case  the  adjustment  for  migration  was 
introduced  at  an  earlier  stage  in  the  computation. 
This  point  is  explained  in  detail  on  pages  119  and  120. 

In  the  case  of  the  life  tables  for  combinations  of 
classes  such  as  total  whites  or  total  males,  the  values 
of  Ex,  Px  ,  and  Px"  for  the  component  parts  were 
combined  before  computing  the  partial  probabilities 
of  survival,  the  remainder  of  the  calculation  being 
exactly  the  same  as  for  the  separate  classes. 

Table  AP. — Number  of  White  Males  Surviving  Specified 
Periods  of  Life  Between  Birth  and  Age  5:  United  States, 
1939-1941 


CLASS  OF 
SURVIVORS  ' 


El' 
Pi' 

Ei' 
Pi- 
Ei' 
Pi' 
Ei' 
Pi' 
Ei' 


CALENDAR  YEAR  IN  WHICH  INDICATED  BIRTHDAY  IS  REACHED,  OR  AT 
THE  BEGINNING  OF  WHICH  INDICATED  POPULATION  EXISTS  (z) 


1939 


1,022,741 
977, 422 
975,  252 
943, 175 
941,878 
945,  505 
944, 539 
944, 212 
943,  457 


1940 


1,015,095 
1,019,619 
1,017,598 
973, 790 
972,  572T 
940,  832 
940,  001 
943,  722 
943,  035 


1941 


1,059, 

1,012, 

1,010, 

1,016, 

1,015, 

971, 

970, 

939, 

938, 


1942 


1,056,960 


1,008,919 
i,"6l4,128 

""'976,126 


Total 
1939-1941 


3, 097, 579 
3, 009,  228 
3, 003, 103 
2, 933, 189 
2, 929, 491 
2, 858, 009 
2, 855, 369 
2,  827, 190 
2,  825. 094 


Total 
1940-1942 


3,088,766 


2, 998, 933 
2~926~6§2 

2,"853,"098 


1  For  explanation  of  symbols  in  this  column,  see  text,  p.  115. 

2  Corrected  for  underreporting. 


Table    AQ. — Calculation    of    Rates    of    Mortality  1    for 
White  Males  at  Ages  2  1  to  4:  United  States,  1939-1941 


«Px=P,'IE,. 

tPT  =  E*nlP,' 
Px  =  aPxSPr.-- 
?,=  1-P»—  - 


0. 99715487 
. 99796459 
.  99512525 
.  00487475 


0. 99861144 
. 99873926 
. 99735245 
.  00264755 


0. 99902406 
. 99907628 
.  99810124 
.  00189876 


0. 99920466 
.  99925863 
. 99846388 
.00153612 


i  Unadjusted  for  effect  of  migration. 
2  Age  denoted  by  x. 

Derivation  of  separation  factors  for  deaths 

In  the  preceding  section,  mention  was  made  of  the 
necessity  of  separating  the  deaths  of  each  calendar  year 
into  two  groups  according  to  whether  death  occurred  in 
the  same  calendar  year  as  the  last  birthday  attained, 
or  in  the  following  year.  This  could  evidently  be 
accomplished  by  sorting  on  the  year  of  birth.  To 
illustrate  this,  consider  the  case  of  children  dying  in 
1940  at  age  3.  In  this  group,  all  those  who  reached 
exact  age  3  in  1939  were  obviously  born  in  1936, 
while  those  who  reached  exact  age  3  in  1940  were  born 
in  1937.  However,  deaths  in  the  United  States  are  not 
tabulated  by  year  of  birth;  and  it  was  therefore  necessary 
to  estimate,  in  each  case,  the  subdivision  of  Dx  into 
J)xz  and  sD/. 

This  is   accomplished  by   employing  what  may   be 


called   "separation  factors."     The   separation  factor, 
denoted  by//,  is  defined  as 


U 


tDS 


D7 


(18) 


In  dealing  with  death  statistics  not  tabulated  by  year 
of  birth,  it  is  customary  to  employ  values  of  this  ratio 
obtained  from  other  data,  so  that  the  working  formulas 
are: 

.ZV=(1-/,*)ZV  (19) 

and 

tDt*=ft'Dt'  (20) 

Tabulations  of  deaths  from  which  values  of  //  can  be 
obtained  directly  have  never  been  made  in  the  United 
States,  and  are  found  in  only  a  few  countries,  notably 
Germany.18  Such  a  tabulation  is  now  being  under- 
taken in  the  Bureau  of  the  Census  based  on  a  10-percent 
sample  of  all  1944  deaths  under  age  5;  and  the  values 
derived  from  it  will  be  available  for  use  in  the  prepara- 
tion of  future  life  tables. 

It  is  not  always  satisfactory  to  use  values  of//  based 
on  the  statistics  of  other  countries,  particularly  if  such 
statistics  are,  in  addition,  not  very  recent,  as  the  values 
of  this  ratio  have  been  observed  to  vary  as  between 
different  countries  and  to  change  markedly  over  periods 
of  time.  Another  alternative  is  to  approximate  the 
values  of  jx  by  making  use  of  tabulations  of  deaths  by 
month  of  age,  if  these  are  available.  In  the  United 
States,  such  tabulations  have  been  made  in  recent 
years  only  for  the  first  year  of  life.  However,  it  is  in 
the  first  year  of  life  that  the  values  of  //  are  most  sub- 
ject  to  change,  so  that  reliance  on  values  obtained  from 
outside  sources  is  most  unsatisfactory.  Accordingly, 
the  values  of  j0z  used  in  connection  with  the  life  tables 
in  this  volume  were  all  estimated  from  the  tabulations 
of  deaths  by  subdivisions  of  the  first  year  of  life. 

The  method  of  arriving  at  such  estimates  is  best 
illustrated  by  a  numerical  example.  This  example 
will  be  based  on  the  tabulation  of  infant  deaths  for 
males  of  all  races  in  1935.  The  data  to  be  used  are 
given  in  table  AR.  In  this  table,  attention  is  called  to 
the  figures  in  bold-face  type  which  extend  across  the 
table  more  or  less  diagonally.  It  is  evident  that  all  the 
figures  below  and  to  the  left  of  the  bold-face  figures 
represent  deaths  of  infants  born  in  1934.  Similarly, 
all  the  figures  above  and  to  the  right  of  the  bold-face 
figures  refer  to  deaths  of  infants  born  in  1935.  How- 
ever, the  bold-face  figures  themselves  include  some 
deaths  of  infants  born  in  1934  and  some  deaths  of 
infants  born  in  1935.  In  the  case  of  all  these  figures 
except  those  which  represent  deaths  in  the  month  of 
January,  it  was  assumed  that  an  equal  number  were 
born  in  each  of  the  2  years.  When  one  of  these  num- 
bers was  an  odd  number,  the  extra  infant  was  assumed 
to  have  been  born  in  the  year  of  death  (in  this  case, 
1935). 

>8  See  U.  S.  Bureau  of  the  Ceusus,    United  Slates  Life  Tablu,  1890,    1901.   1910, 
and  1901-1910,  p.  339,  Government  Printing  Office,  Washington,  D.  C,  1921. 


118 


UNITED  STATES  LIFE  TABLES  AND  ACTUARIAL  TABLES 


Table  AR. — Deaths  of  Males  Under  1  Year  of  Age,  by  Month  of  Death  and  by  Age:  United  States,  1935 


Jan. 


Feb. 


Mar.     |     Apr. 


May 


June  July 


Aug. 


Sept.  Oct. 


Nov. 


Dec. 


Total  under  1  year 

Under  1  day 

1  dav _ 

2  davs 

3  to  6  days 

1  week 

2  weeks 

3  weeks  to  1  month 

1  month 

2  months 

3  months 

4  months 

5  months 

6  months 

7  months 

8  months 

9  months 

10  months 

11  months 


7,145 

6,376 

6,691 

1,548 

1,451 

1.610  I 

413 

394 

413  i 

314 

327 

304 

624 

508 

553 

382 

352 

371 

303 

245 

270 

282 

233 

193 

717 

558 

528 

531 

431 

429 

416 

352 

346 

322 

272 

279 

267 

237 

249 

237 

253 

242 

186 

188 

220 

158 

172 

200 

159 

162 

186 

124 

113 

141 

160 

128 

1S7 

5,740 


5,747 


5,489 


5, 413 


5.219 


4,920 


5,107 


5, 143 


5. 81.' 


1,561 
379 
264 
502 
280 
189 
184 

435 

347 
296 
204 
189 
182 
184 
151 
162 
120 
111 


1,680 


1, 


380  I  373 

238  |  235 

409  442 

309  I  287 

174  178 

161  142 


459 
333 
293 
206 
184 
186 
161 
166 
170 
115 
123 


354 

310 

216 

239  j 

177 

170 

155 

135 

165 

118 

104 


1,746 
391 
260 
406 
297 
149 
162 

321 

:•  - 

228 
231 
171 
187 
141 
133 
133 
102 
87 


1,631 
*21 
231  • 
420 
290 
177 
142 

366 
259 
202 
197 
171 
146 
147 
124 
107 
83 
105 


1,405  | 

238 
409 

274 
168  | 
162 

381 
281 
259 
190 
154 
123 
128 
120 
98 
73 
66 


502 

1,486 

375 

310 

218 

251 

417 

422 

265 

291 

156 

195 

154 

158 

447 

412 

324 

356 

257 

261 

209 

198 

159 

184 

152 

149 

113 

112 

110 

121 

<>7 

93 

77 

82 

85 

62 

1,470 
414 
292 
485 
350 
224 
199 

476 

390 
347 
237 
212 
148 
142 
115 
108 
112 
M 


In  the  month  of  January,  the  assumption  was  made 
that,  within  each  age  period  shown,  }U  of  the  total 
deaths  occurred  on  each  day  of  the  month.  In  the 
case  of  deaths  under  1  day,  an  infant  included  in  this 
group  who  was  born  in  1934  must  have  died  on  January 
1.  However,  even  among  those  dying  on  January  1 
at  an  age  under  1  day,  some  were  born  in  1935.  There- 
fore it  was  assumed  that  H  of  Ki,  or  ){2  of  the  deaths 
under  1  day  occurring  in  January  were  of  infants  born 
in  1934.  Multipliers  for  the  other  age  periods  under  1 
month  were  obtained  by  similar  reasoning,  and  are 
shown  in  table  AS.  It  will  be  sufficient  to  give  one 
further  illustration.  Those  infants  dying  in  January 
1935  at  the  age  of  1  week  (exact  age  1-2  weeks V  who 
were  born  in  1934  include  all  those  dying  in  this  age 
interval  on  January  1  to  7.  inclusive,  and  a  portion  of 
those  dying  on  January  8  to  14,  inclusive.  The  number 
of  deaths  on  January  1  to  7  is  assumed  to  be  %i  of  the 
total  for  the  month.  The  number  occurring  on  Janu- 
ary 8  to  14  is  likewise  assumed  to  be  %\t  and  it  is  further 
assumed  that  one-half  of  these  are  of  infants  born  in 
1934.  Therefore,  the  proportion  of  the  total  January 
1935  deaths  at  the  age  of  1  week  which  are  assumed  to 
represent  1934  births  is  ~'/%\  plus  %  of  %\,  or  2^2. 

By  the  application  of  these  rules,  the  estimated 
total  number  of  deaths  under  1  year  in  1935  of  infants 
born  in  1934  is  found  to  be  14,236  to  the  nearest  integer, 
while  the  total  number  of  deaths  under  1  year  in  1935, 
irrespective  of  the  year  of  birth,  is  68.805.  Therefore, 
the  value  of/„1935  is  the  quotient  of  14.236  by  68,805, 
or  .207. 

Table  AS. — Proportion*  of  January  Deaths  Under  1  Month 
Assumed  to  Represent  Births  of  the  Previous  Year 


Age  at  death  _.      .         

Under 
1  day 

lday 

2  days 

|*||  1  week  2  weeks 

3  weeks 
tol 

month 

Assumed  proportion  born  in 
previous  rear. 

H2 

%2 

%2 

*9fe          2ii2\           »$fel           52^2 

However,  this  value  applies  to  all  males  of  all  races 
combined;  and  it  is  desired  to  obtain  values  for  the 
different  races  separately,  as  /02  is  known  to  vary 
significantly  by  race.     A  difficulty  is  encountered  in 


that  the  tabulation  of  infant  deaths  in  the  United 
States  by  age  and  month  of  death  was  further  sub- 
divided only  by  sex  prior  to  1939;  and  commencing 
with  that  year,  even  the  sex  classification  was  elimi- 
nated.19 However,  for  all  the  years  involved  in  the 
life  table  calculations,  another  tabulation  was  avail- 
able giving  infant  deaths  for  the  United  States  by  age, 
race,  and  sex  (but  not  by  month  of  death).  Separa- 
tion factors  at  age  0  by  race  and  sex  for  the  years  1939 
to  1941  were  obtained  by  making  the  assumption  that, 
within  each  age  period,  the  distribution  of  deaths  by 
race  and  sex  was  the  same  in  each  calendar  month  of 
death  as  for  the  entire  calendar  year.  The  values  for 
the  years  1934  to  1938  had  previously  been  calculated 
by  a  somewhat  less  refined  method,  and  were  not  re- 
computed. The  values  of  f0z  actually  employed  for 
each  of  the  years  1934  to  1941  are  given  in  table  AT. 

Table  AT. — Separation  Factors  at  Age  0  (Values  of/0-)  bt 
Race  and  Sex:  United  States,  1934-1941 


WHITE 

NEGRO 

OTHER  RACES 

Male 

Female 

Male        Female 

Male 

Female 

1934    

0.187 
.199 

0.198 
.210 

0.216 
.210 
.216 
.214 
.222 
.226 
.202 
.223 

0.226 
.215 
.221 
.219 
.223 
.231 
.209 
.230 

0.291            0.319 

1935 

.302               .304 

1936 

.181 

.191 

.275  '             .315 

1937 

.196 
.177 
.180 
.162 
.168 

.204 
.2- 
.191 
.174 
.180 

.277                .310 

1938 

.296                .332 

1939 

1940  

.304                .348 
.270                .320 

1941_    

.328 

As  no  data  were  available  for  the  United  States  from 
which  separation  factors  for  ages  1  to  4  could  be  esti- 
mated, the  values  employed  by  Glover  *  were  again 
used.     These  are  given  in  table  AU. 

Table  AU. — Separation  Factors  Used  at  Ages1  1  to  4 


Separation  factor /« :    0.410  |    0.470 


0.480 


0.480 


1  Age  denoted  by  2. 

It  will  be  noted  that  the  values  are  given  by  age 
only,  and  are  assumed  independent  of  sex  or  race. 
As  the  values  used  bv  Glover  were  based  on  German 


i»  This  was  resumed  in  the  tabulation  of  infant  deaths  for  1943. 
»  U.  S.  Bureau  of  the  Census,  op.  cit.,  p.  340. 
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statistics  of  1911  and  prior  years,  their  appropriateness 
for  use  in  connection  with  recent  data  for  the  United 
States  was  tested  before  they  were  used  for  this  purpose. 
A  technical  explanation  of  the  test  which  was  applied 
is  given  in  section  A  of  the  appendix.21 

Adjustment  of  mortality  rates  at  ages  0  to  4  for  the 
effect  of  migration 

In  the  method  previously  described  for  obtaining 
rates  of  mortality  at  ages  0  to  4,  it  was  assumed  that 
the  population  under  observation  was  not  affected  by 
migration  during  the  period  and  at  the  ages  considered, 
and  that  the  deaths  allocated  to  each  annual  cohort  of 
births  included  all  the  deaths  occurring  in  the  cohort, 
and  no  deaths  outside  the  cohort.  Actually,  it  must 
be  supposed  that  the  deaths  reported  included  some 
deaths  of  children  born  outside  the  continental  limits 
of  the  United  States,  and  failed  to  include  some  deaths 
of  infants  born  in  the  United  States  who  died  outside. 
Some  indication  of  the  effect  of  immigration  can  be 
gained  from  the  census  tabulations  of  foreign-born 
population.  The  effect  of  emigration  is  more  difficult 
to  appraise,  but  is  believed  to  have  been  negligible 
at  the  ages  and  during  the  period  under  consideration, 
and  was  therefore  ignored.  In  other  words,  it  was 
assumed  that  the  native  population  under  age  5  on 
the  date  of  the  census  included  all  the  survivors  of 
births  of  the  5-year  period  ending  on  that  date. 

The  method  employed  to  allow  for  the  effect  of 
immigration  involves  certain  concepts  which  make  it 
necessary  to  refer  briefly  to  the  calculation  of  death 
rates  at  ages  5  and  over.  The  central  death  rate  is 
defined  in  terms  of  the  life  table  as 22 


mx=- 


dx 


(21) 


In  other  words,  it  is  the  number  of  deaths  occurring 
during  a  year  in  the  stationary  life  table  population 
at  age  x  last  birthday,  divided  by  the  total  number  of 
persons  at  age  x  last  birthday  in  the  stationary  popu- 
lation. When  the  life  table  covers  a  short  period,  such 
as  1  or  3  years,  it  is  usually  assumed  that  this  is  equal 
to  the  central  death  rate  computed  from  the  actual 
data:  that  is, 

ro-S  (22) 

where  Dx  denotes  the  number  of  deaths  in  the  period 
of  observation  at  age  x  last  birthday,  Px  denotes  the 
population  at  age  x  last  birthday  at  the  middle  of  the 
period,  and  n  denotes  the  number  of  years  in  the 
period.  This  assumption  serves  to  bridge  the  gap 
between  the  actual  population  and  the  ideal  life  table 
population.  Under  this  method,  migration  presents  no 
difficulty  if  it  can  be  assumed  that  the  net  migration 
has  been  uniformly  spread  over  the  period.  For,  in 
that  event,  the  adjustment  required  in  the  number  of 

«  See  p.  135. 

22  See  pp.  21-22  for  definition  and  explanation  of  the  life  table  functions. 


person-years  of  exposure  to  the  risk  of  dying  is  n/2 
times  the  net  migration,  and  since  the  population  at 
the  middle  of  the  period  has  already  been  subjected  to 
about  half  the  net  migration  for  the  entire  period  (and 
is  multiplied  by  n  in  the  formula),  the  necessary  adjust- 
ment is  automatically  taken  care  of. 

This  method  of  obtaining  mortality  rates  was  not 
used  at  the  very  young  ages  because  of  the  known 
deficiency  in  the  census  enumeration.  However,  the 
procedure  actually  followed,  while  designed  to  produce 
estimated  populations  corrected  for  underenumeration, 
yields  an  estimate  of  the  native  population  only 
(ignoring  emigration).  Now,  formula  (22)  can  be 
written  in  the  form: 


mx= 


Dx     PI 
nPxN    Px- 


-m. 


when  PXN  denotes  the  native  population  at  age  x  last 
birthday  at  the  middle  of  the  period,  and  mxN  denotes 
an  approximate  value  of  mx,  in  which  the  native  popu- 
lation, rather  than  the  total  population,  has  been  used 
as  the  denominator.  Since  the  value  of  mx  obtained 
from  births  and  deaths  by  the  process  described  is 
really  mxN,  it  needs  to  be  corrected  by  multiplying  by 
the  factor  PXN/PX. 

If  it  is  assumed  (as  it  usually  is)  that,  in  the  life  table, 


Lx=lx— ndx,  it  follows  that23 


m. 


2fc 


or,  solving  for  qx, 


2-qx 

2mx 

=2  +  mz 


(23) 
(24) 


Therefore,  it  would  be  possible  to  convert  the  values  of 
qx  obtained  without  considering  migration  into  values 
of  mx  by  formula  (23),  multiply  them  by  PXN/PX,  and 
then  convert  them  back  to  qx  values  by  formula  (24). 
However,  this  lengthy  procedure  is  unnecessary,  for 
the  ratio  PXN/Pxis  always  very  close  to  unity,  and  thus 
represents  only  a  slight  adjustment;  and  putting  .equa- 
tion (24)  in  the  form: 


c=mJl+^mx) 


-mx—^mx2+ 


shows  that  a  slight  adjustment  in  the  value  of  ms 
results  in  a  very  nearly  proportional  adjustment  in  qx. 
Therefore,  the  adjustment  factor  PXN/PX  may,  without 
appreciable  error,  be  applied  to  the  values  of  qx  directly. 
In  the  case  of  the  life  tables  in  this  volume,  PXN  and  Px 
should  properly  represent  populations  on  July  1,  1940, 
the  midpoint  of  the  3-year  period  1939-1941 .  However, 
since  the  adjustment  involved  is  small  in  any  case,  it 

»  Spurgeon,  E.  F.,  Life  Contingencies,  third  edition,  pp.  4-5,  Cambridge  University 
Press,  London,  1938. 
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was  felt  that  little  error  would  result  in  calculating  this 
ratio  from  populations  on  the  census  date  (April  1, 
1940).  Hence,  the  actual  procedure  at  ages  1  to  4,  was 
merely  to  multiply  the  unadjusted  rate  of  mortality  by 
the  ratio  of  the  native  population  to  the  total  popula- 
tion, as  enumerated  in  the  census,  at  the  corresponding 
age  and  in  the  same  classification  by  race  and  sex.  This, 
of  course,  involves  the  assumption  that  the  enumeration 
was  equally  complete  for  the  native  and  foreign-born 
elements  of  the  population.  The  method  used  in 
estimating  the  distribution  of  the  foreign-born  under 
age  5  by  single  years  of  age  has  already  been  described,24 
and  the  resulting  distribution  by  nativity,  race,  and  sex 
of  the  population  on  April  1,  1940,  is  given  in  part  I  of 
table  AM.25 

The  above  method  is  not  appropriate  for  adjusting 
the  mortality  rate  at  age  0,  because  in  that  case,  the 
small  amount  of  immigration  which  occurs  is  believed  to 
be  heavily  concentrated  in  the  latter  part  of  the  year  of 
life,  while  the  mortality  is  very  much  heavier  in  the 
early  part.  Therefore,  the  application  of  the  ratio 
PoN/P0  to  the  mortality  rate  q0  would  greatly  overstate 
the  amount  of  the  necessary  correction.  Hence,  the 
expedient  was  adopted  of  applying  the  adjustment  ratio 
to  the  mortality  rate  for  the  second  portion  only  of  the 
first  year  of  life:  that  is,  to  the  probability  s1o=  1  —  sPo- 

The  numerical  illustration  showing  the  calculation  of 
mortality  rates  for  white  males  in  the  United  States  in 
1939-1941  is  completed,  for  ages  1  to  4,  in  table  AW 
which  exhibits  the  adjustment  for  the  effect  of  migra- 
tion. 

Table  AW. — Adjustment  of  Rates  of  Mortality  for  White 
Males  at  Ages1  1  to  4,  to  Allow  for  Immigration:  United 
States,  1939-1941 


Unadjusted  ?i 

Adjustment  factor  2. 
Adjusted  qt 


0. 00487475 
.  99935557 
.0048716 


0. 00264755 
. 99911903 
.  0026452 


0.00189876 

. 99879579 
.  001S965 


0.00153612 
. 99854398 
.0015339 


1  Age  denoted  by  x. 

'  Estimated  native  white  male  population  at  age  x  divided  by  total  white  male 
population  at  age  x,  April  1,  1940.    See  table  AM,  part  I,  p.  113. 

In  the  case  of  age  0,  formulas  (16)  and  (17)  give 
ap0=. 96029016  and  &p0=. 99124082.  It  follows  that 
sq0,  the  complement  of  sp0,  is  .00875918.  Multiplying 
this  value  by  the  adjustment  factor  .99973095,  which  is 
the  quotient  of  the  number  of  native  white  males  enu- 
merated at  age  0  by  the  total  white  males  so  enumerated, 
gives  .00875682  as  the  corrected  value  of  ago-  The 
complement  sp0,  which  is  .99124318,  multiplied  by  ap0 
gives  .9518811  as  the  adjusted  value  of  p0.  The  com- 
plement .0481189  is  the  final  value  of  go- 
There  is  a  criticism  of  the  theory  underlying  the 
method  adopted  in  correcting  for  the  effect  of  migra- 
tion the  mortality  rates  at  ages  under  5,  in  that  the 
deaths  which  were  deducted  from  the  recorded  births 
in  order  to  obtain  the  number  of  survivors  at  the  var- 


»  See  p.  112. 
25  See  p.  113. 


ious  ages  include  some  deaths  of  children  born  outside 
the  United  States,  so  that  the  number  of  survivors  of 
the  native  births  is  understated.  As  the  deaths  im- 
properly deducted  are  very  few,  the  resulting  error  is 
slight,  and  in  any  case  serves  as  a  partial  offset  to  the 
failure  to  take  account  of  emigration. 

Grouping  of  ages  for  the  computation  of  rates  of  mor- 
tality at  ages  5  and  over 

Deaths  at  ages  5  and  over  were  not  tabulated  by 
single  years  of  age  during  the  period  1939-1941,  but 
only  in  the  5-year  age  groups  5-9.  10-14,  etc.,  with  a 
final  group  at  ages  100  and  over.  As  a  matter  of  fart, 
it  has  frequently  been  considered  preferable,  in  the 
construction  of  national  life  tables,  to  work  with 
grouped  data  for  the  reason  that  statements  of  age, 
both  in  death  reports  and  in  the  census,  usually  show 
what  is  known  as  "heaping":  that  is,  marked  prefer- 
ence for  ages  ending  in  certain  digits,  at  the  expense  of 
other  digits.  This  preference  is  especially  noticeable 
in  the  case  of  ages  which  are  multiples  of  five;  while, 
to  a  lesser  degree,  even  numbers  tend  to  be  given  more 
frequently  than  odd  numbers.  A  notable  exception 
to  the  latter  rule  is  observed  at  age  21,  where  a  marked 
concentration  is  commonly  found.  The  use  of  grouped 
data  tends  to  smooth  out  the  irregularities  resulting 
from  digit  preference  by  averaging  together  ages  at 
which  the  reported  figures  are  excessive  and  other  ages 
where  a  deficiency  appears. 

However,  the  particular  grouping  in  which  the  1939- 
1941  deaths  were  tabulated  has  not  often  been  found 
the  most  satisfactory  from  the  point  of  view  of  life 
table  construction.26  Glover  had  both  deaths  and 
populations  tabulated  by  single  years  of  age,  and  made 
an  exhaustive  study  27  of  the  results  of  all  the  possible 
methods  of  grouping  in  5-year  periods,  finally  deciding 
on  the  grouping  4-8,  9-13,  etc.  Wolfenden ffl  has 
also  given  a  very  full  discussion  of  the  general  problem 
of  heaping  and  the  conclusions  reached  by  a  number 
of  actuaries  as  to  the  best  method  of  age  grouping  for 
the  data  of  various  countries.  In  dealing  with  the 
1939-1941  data,  there  was,  however,  no  choice  as  to 
the  mode  of  grouping,  insofar  as  deaths  are  concerned. 
While  the  census  populations  were  available  by  single 
years  of  age,  the  estimated  populations  on  July  1,  1940, 
were  much  more  easily  obtained  for  the  age  groups  in 
which  deaths  were  available,  and  the  computation  of 
rates  of  mortality  is  appreciably  simplified  by  having 
deaths  and  populations  similarly  grouped. 

Nevertheless,  it  was  thought  advisable  to  study  the 
nature  of  the  heaping  present  in  the  population  data 
of  the  1940  census  and  to  test  the  effect  of  various 


*  See,  however,  Nathan  Eeyfitz,  Census  Monograph  No.  IS,  Canadian  Lift  Tables, 
1931,  p.  8,  Dominion  Bureau  of  Statistics,  Ottawa,  1937:  Here,  the  ,-5-9"  grouping 
was  decided  upon,  even  though  both  populations  and  deaths  were  available  by  single 
years  of  age. 

37  U.  S.  Bureau  of  Census,  op.  cit.,  pp.  356-364. 

»  Wolfenden,  op.  cit.,  pp.  32-44,  54-57.  See  also  Wolfenden's  discussion  in  the 
Transactions,  Actuarial  Society  of  America,  vol.  42,  Part  1,  Xo.  105,  pp.  78-86, 
May  1941. 
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possible  groupings.  This  was  done  by  summing  the 
reported  figures  for  ages  ending  with  the  same  digit 
and  comparing  the  totals  by  means  of  Myers' 
"blended"  method.29  For  comparison,  the  deaths  of 
the  year  1935,  the  most  recent  year  for  which  deaths 
have  been  tabulated  by  single  years  of  age,  were  ana- 
lyzed in  the  same  way.  In  this  method  of  analysis, 
the  ages  below  20  are  omitted,  because  they  exhibit  a 
pattern  of  digit  preference  which  differs  markedly  from 
that  observed  at  adult  ages.  The  ages  in  the  imme- 
diate neighborhood  of  age  21  may  also  be  omitted 
because  of  the  peculiar  form  of  heaping  usually  present 
there.30  Myers'  blended  method  is  designed  to  elimi- 
nate any  bias  due  to  a  particular  choice  of  the  starting 
age. 

In  this  case,  ages  23  to  32  were  employed  as  starting 
ages  and  the  summations  were  not  carried  beyond  age 
99.31  The  results  are  shown  in  table  AY.  In  this 
table,  Negroes  and  other  races  are  not  shown  separately, 
because  these  separate  races  were  not  tabulated  by 
single  years  of  age  in  the  1940  census.  In  interpreting 
the  table,  it  should  be  noted  that  the  extent  of  heaping 
or  deficiency  at  any  particular  digit  is  indicated  by  the 
amount  by  which  the  percent  shown  for  that  digit 
differs  from  10  percent.  The  "index  of  preference," 
which  is  the  sum  of  the  absolute  deviations  from  10 
percent,  is  a  useful  general  measure  of  the  amount  of 
bias  present.  The  smaller  the  index,  the  less  error  is 
present,  since  if  there  were  no  bias,  all  the  percentages 
would  be  exactly  10  percent,  and  the  index  would  be  0. 

Table  AY. — Peeference  for  Digits  of  Age  by  Race  and 
Sex,  in  the  United  States,  for  1935  Deaths  and  1940 
Census  Populations:  Numbers  Reported  at  Each  Digit 
of  Age  »  as  Percent  of  Total  Number 


1935  DEATHS 

1840  POPULATIONS 

DIGIT  OF  ACE 

Total 
deaths 

White 

Nonwhite 

Total 
popu- 
lation 

White 

Nonwhite 

Male 

Fe- 
male 

Male 

Fe- 
male 

Male 

Fe- 
male 

Male 

Fe- 
male 

0 

1__ 

11.1 
8.7 

10.0 
9.7 

10.1 

11.4 
9.6 
9.6 

10.1 
9.7 

5.4 

10.5 
9.0 

10.0 
9.9 

10.2 

11.0 
9.7 
9.8 

10.1 
9.8 

3.6 

10.6 
8.9 

10.0 
9.8 

10.3 

10.9 
9.8 
9.7 

10.1 
9.9 

3.8 

15.8 
7.4 
9.8 
8.4 
8.9 

14.5 
8.4 
8.2 
9.7 
8.9 

20.6 

15.9 
7.3 
9.6 
8.4 
9.1 

14.1 
8.6 
8.4 
9.7 
8.9 

20.0 

11.6 
8.5 

10.4 
9.6 
9.7 

10.7 
9.6 
9.6 
10.3 
10.0 

6.0 

11.0 
8.8 

10.5 
9.8 
9.9 

10.5 
9.7 
9.7 
10.1 
10.0 

4.2 

11.5 
8.6 

10.4 
9.6 
9.8 

10.6 
9.7 
9.6 

10.3 
9.9 

5.6 

14.6 
6.8 

10.1 
8.3 
9.0 

12.5 
9.0 
8.8 
10.6 
10.3 

16.2 

15.0 
6.3 

2__ ■_ 

3 

i.. 

9.9 
8.2 
8.8 

5. 

6.. 

12.4 
9.0 

8lll~.~-l~.~.~.l~.l~. 

9. 

Index  of  pref- 
erence 3 

8.7 
11.2 
10.5 

18.2 

i  Computed  by  Myers'  blended  method,  using  starting  ages  23  to  32  and  ending 
at  age  99  in  all  cases. 
1  Sum  of  deviations  from  10  percent,  taken  without  regard  to  sign. 

Inspection  of  the  values  of  the  index  of  preference 
shows,  as  might  be  expected,  that  the  error  is  much  more 
serious  for  the  nonwhite  than  for  the  white  races. 
Among  white  persons,   there   is  slightly  greater  bias 

29  Myers,  Robert  J.,  Errors  and  Bias  in  the  Reporting  of  Ages  in  Census  Data,  Trans- 
actions,  Actuarial  Society  of  America,  vol.  41,  Part  2,  No.  104,  pp.  395-415,  October- 
November  1940.    See  especially  pp.  402-407,  411-415. 

a«  See  p.  120. 

31  For  the  details  of  Myers'  method,  see  his  article,  previously  cited. 


in  the  populations  than  in  the  death  statistics;  but 
among  the  nonwhite  the  reverse  is  true.  In  fact,  in  the 
nonwhite  deaths,  the  heaping  on  digits  0  and  5  is  so 
pronounced  that  all  the  other  digits  show  a  deficiency. 
Table  AZ  shows  the  value  of  the  index  of  preference 
for  the  total  population  in  each  census  from  1880  to 
1940.  With  the  exception  of  the  1940  figme,  these 
values  are  taken  from  Myers'  article.32  This  table 
indicates  a  steady  improvement  over  the  entire  period 
in  the  accuracy  of  age  statements.  The  relatively  low- 
figure  for  1900  is  due  to  the  fact  that  in  that  census  both 
age  and  date  of  birth  were  asked  for,  while  in  other 
censuses  only  age  was  obtained. 

Table  AZ. — Index  of  Preference  in  Statements  of  Age  in 
the  Census  of  Population:  United  States,   1880-1940 


CENSUS 

Index  of 
preference 

CENSUS 

Index  of 
preference 

1880 

20.8 
15.6 
9.4 
11.2 

1920- 

9.0 

1890 

1930 

8.6 

1900 

1940 

6.0 

1910 

The  percents  in  table  AY  may  be  used  to  test  the 
effectiveness  of  different  grouping  methods  by  adding 
the  percentages  for  the  five  digits  which  are  combined 
in  the  particular  grouping  method.  The  closer  the 
resulting  total  is  to  50  percent,  the  better  is  the  given 
method.  Table  BA  shows  the  results  obtained  with  the 
data  of  table  AY.  If  it  can  be  assumed  that  the  pattern 
of  digit  preference  among  the  1939-1941  deaths  wras 
similar  to  that  found  in  1935,  evaluation  of  table  BA 
purely  on  the  basis  of  the  proximity  of  the  totals  to  50 
percent  would  indicate  the  best  groupings  for  deaths  to 
be  "1-5"  for  whites  and  "2-6"  for  nonwhites;  while  for 
the  populations  the  preferred  groupings  would  be  either 
"4-8"  or  "5-9"  for  whites  and  "4-8"  for  nonwhites. 
However,  in  computing  rates  of  mortality,  if  the  same 
grouping  is  to  be  used  for  both  populations  and  deaths, 
it  is  of  little  avail  to  select  the  most  effective  grouping 
for  populations  if  this  grouping  produces  marked  bias 
in  the  death  figures,  and  vice  versa.  On  the  other  hand, 
the  correct  mortality  rates  will  be  obtained,  even  with 
considerable  error  in  both  population  and  death  sta- 
tistics, if  both  are  deficient  or  both  excessive  in  the  same 
proportion.  This  suggests  choosing  as  the  best  age 
grouping  for  mortality  rate  calculations  the  one  in 
which  the  smallest  difference  is  found  between  the 
percents  in  table  BA  for  deaths  and  populations.  This 
criterion  indicates  as  the  best  groupings  "5-9"  for 
whites  and  "4-8"  for  nonwhites.  Since  the  "5-9" 
grouping  appears  to  be  an  advantageous  one  for  the 
data  of  white 'lives,  and  no  other  grouping  is  actually 
available  in  the  census  for  Negroes  and  other  races 
separately,  and  in  view  of  the  simplification  svhich 
results  from  employing  the  same  grouping  for  both 
populations  and  deaths,  it  was  decided  to  use  the  "5-9" 
grouping  throughout. 

"  Myers,  op.  at.,  p.  403. 
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Table  BA. — Percentage  of  Total  Reported  in  Various 
Quinquennial  Age  Groupings  in  the  United  States,  for 
1935  Deaths  and  1940  Census  Populations  1 


1935  DEATHS 

1940  POPULATIONS 

DIGIT 
GROUPING 

Total 
deaths 

"White 

Nonwhite 

Total 

popu- 
lation 

White 

Nonwhite 

Male 

Fe- 
male 

Male 

Fe- 
male 

Male 

Fe- 
male 

Male 

Fe- 
male 

1-5.. 

49.9 

50.8 
50.4 
50.8 
50.4 

50.1 
50.8 
50.6 
50.8 
50.4 

49.9 

50.8 
50.5 
50.8 
50.4 

49.0 
50.0 
48.4 
49.7 
49.7 

48.5 
49.8 
48.6 
49.9 
49.7 

48.9 
50.0 
49.2 
49.9 
50.2 

49.5 
50.4 
49.6 
49.9 
50.0 

49.0 
50.1 
49.3 
50.0 
50.1 

46.7 
48.9 
47.6 
49.9 
51.2 

45.6 

2-6 

48.3 

3-7 - 

47.1 

4-8 

50.1 

5-9 

51.8 

1  The  figures  in  this  table  were  obtained  by  summing  the  appropriate  ones  in 
table  AY. 


General  procedure  used  in  obtaining  rates  of  mortality 
at  ages  5  and  over 

The  method  used  in  obtaining  mortality  rates  for 
individual  years  at  age  from  the  grouped  data  at  ages 
5  and  over  was  that  of  osculatory  interpolation.  This 
method  has  been  used  for  many  years  in  the  construc- 
tion of  the  national  life  tables  of  England  and  Wales, 
and  the  United  States,  and  was  adopted  in  the  most 
recent  official  life  tables  of  Canada  and  Australia.  It 
produces  a  satisfactory  degree  of  smoothness  while  at 
the  same  time  yielding  mortality  rates  which  fit  the 
original  data  closely.  Osculatory  interpolation  may  be 
defined  as  that  method  of  interpolation  which  insures 
smooth  junction  between  the  curves  representing  the 
interpolated  values  in  adjacent  tabular  intervals  by 
requiring  that  such  adjacent  curves  have  the  same 
first  derivative  (or,  sometimes,  the  same  first  and 
second  derivatives)  at  the  point  of  junction.33 

In  applying  the  principle  of  osculatory  interpolation 
to  the  construction  of  life  tables,  there  are  two  possible 
methods  of  approach.  In  the  first  method,  osculatory 
interpolation  is  applied  to  the  populations  and  deaths 
separately  in  order  to  obtain  smooth  interpolated  values 
for  single  years  of  age.  The  rates  of  mortality  are  then 
computed  by  relating  the  interpolated  values  for  deaths 
and  population  at  each  age.  In  the  second  method, 
"pivotal"  rates  of  mortality  are  obtained  at  specified 
intervals,  and  osculatory  interpolation  is  then  applied 
directly  to  the  mortality  rates,  hi  order  to  fill  in  the 
intermediate  values.  The  pivotal  rates  are  obtained 
by  first  deriving  pivotal  values  of  populations  and 
deaths  separately  from  quinquennial  (or  other)  sums 
of  data,  usually  by  ordinary  interpolation,  the  inter- 
polation process  being  sometimes  combined  with  a 
certain  amount  of  graduation,  or  smoothing. 

There  has  been  much  discussion  of  the  relative  merits 
of  these  two  methods  of  approach.  The  first  method 
was  introduced  by  Dr.  John  Tatham  and  used  by  him 
in  constructing  the  English  Life  table  number  6,  cover- 
ing the  period  1891-1900.  It  was  improved  by  George 
King,  and  in  this  improved  form  was  adopted  in  this 


33  For  a  synopsis  of  the  theory  of  osculatory  interpolation  and  of  the  historical 
development  of  the  subject,  see  Hugh  H.  Wolfenden,  The  Fundamental  Principles  of 
Mathematical  Statistics,  pp.  124-132,  Actuarial  Society  of  America,  New  York,  1942. 


country  by  Glover  and  Foudray  and  has  been  used  in 
all  previous  United  States  life  tables.  The  second 
method  was  introduced  by  George  King  in  connection 
with  the  English  Life  tables  numbers  7  and  8,  and  has 
been  followed  by  Sir  Alfred  Watson  in  preparing  the 
subsequent  tables  numbers  9  and  10.  It  has  also  been 
used  in  the  most  recent  official  hfe  tables  for  Canada 
and  Australia.  For  the  former  method  it  is  argued 
that  by  its  use  the  investigator  is  enabled  to  keep  closer 
to  the  original  data,  and  can  test  the  reasonableness  oi 
the  interpolated  results  in  the  light  of  his  knowledge  of 
the  basic  characteristics  of  the  populations  he  is  deal- 
ing with.  The  method  also  has  the  practical  advan- 
tages that  it  requires  no  decision  as  to  the  ages  at 
which  pivotal  values  are  to  be  calculated  or  the  for- 
mula to  be  used  in  obtaining  them,  and  that  mortality 
rates  for  any  combination  of  the  original  population 
classes  can  be  readily  obtained  without  performing  a 
new  interpolation.  Such  a  case,  for  example,  would 
be  the  preparation  of  a  life  table  for  total  whites,  after 
separate  tables  for  white  males  and  white  females  had 
been  completed. 

For  the  second  method  it  may  be  argued  that  all 
mathematical  formulas  of  interpolation,  particularly 
those  of  the  osculatory  variety,  are  based  on  the  assump- 
tion that  the  values  being  estimated  can  properly  be 
expected  to  form  a  smooth  series.  Now,  it  can  reason- 
ably be  expected  that,  with  a  large  enough  body  of 
data,  the  rates  of  mortality  should  exhibit  a  smooth 
progression  from  age  to  age.  However,  the  populations 
and  deaths  at  single  ages,  arising  as  they  do  from 
fluctuating  annual  cohorts  of  births,  and  affected  to  a 
considerable  extent  by  the  incidence  of  past  migration, 
can  hardly  be  expected  to  be  perfectly  smooth.  Hence, 
the  assumption  underlying  the  use  of  an  interpolation 
formula  is  not  entirely  valid  when  it  is  applied  to  such 
data.  There  is  also  a  practical  advantage  in  that  only 
one  complete  interpolation  is  required,  as  against  the 
two  separate  interpolations  needed  in  the  other  method. 
Also,  the  second  method  is  found,  hi  general,  to  produce 
a  smoother  series,  because  the  graduating  effect  of  the 
osculatory  formula  is  applied  directly  to  the  mortality 
rates.  A  further  point  is  made  by  Sir  George  Hardy, 
who  states  34  that  in  "graduating  separately  the  num- 
bers in  the  two  series  of  'exposed  to  risk'  and  'died' 
rather  than  their  ratio,  .  .  .  we  thereby  discard  our 
previous  knowledge  of  the  nature  of  the  curve  expressing 
that  ratio — our  general  knowledge,  that  is,  of  the 
nature  of  the  curve  qx  or  fix." 

In  the  preparation  of  the  present  hfe  tables,  careful 
consideration  was  given  to  the  choice  as  between  the 
two  general  methods  of  procedure,  and  experimental 
calculations  were  made  by  both  methods.  In  the  end, 
the  method  of  operating  directly  on  the  rates  of  mor- 
tality was  adopted,  as  it  was  found  to  produce  smoother 


34  Hardy,  G.  F.,  The  Theory  of  the  Construction  of  Tables  of  Mortality  and  of  Similar 
Statistical  Tables  in  Vse  by  the  Actuary,  p.  21,  Charles  and  Edwin  Layton,  London, 
1909. 
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values,  and  the  theoretical  arguments  in  its  favor 
seemed  more  cogent.  Pivotal  values  of  both  popula- 
tions and  deaths  were  obtained  by  interpolation  for 
the  middle  age  of  each  of  the  age  groups  used:  that  is, 
at  ages  7,  12,  17,  etc.,  and  the  corresponding  pivotal 
rates  of  mortality  were  obtained  by  the  usual  formula: 


Dx 


~nPt+%Dx 


(25) 


where  Dx  and  Px  denote  the  pivotal  values  of  deaths  and 
populations,  respectively,  and  n  is  the  number  of  years 
in  the  period  of  observation:  in  this  instance,  3.  This 
formula  is  obtained  at  once  by  substituting  in  formula 
(24)  the  value  of  mx  given  by  formula  (22).  On  the 
basis  of  these  pivotal  rates,  values  of  qx  were  obtained 
by  oscillatory  interpolation  for  all  integral  ages  from 
age  5  to  the  limiting  age  of  each  life  table.  The  formu- 
las used  in  obtaining  pivotal  values  and  in  performing 
the  oscillatory  interpolation,  the  method  of  securing 
smooth  junction  with  the  mortality  rates  at  ages  under 
5,  and  the  special  devices  adopted  to  extend  the  tables 
into  the  very  high  ages  where  the  use  of  actual  data 
leads  to  unreasonable  results,  are  described  in  the  sec- 
tions which  follow. 

Pivotal  value  formulas  employed 

The  pivotal  value  formula  employed  in  the  majority 
of  cases  was  the  usual  King  formula,  which,  written  in 
central  difference  notation,  is:35 


vx=  .2wx— .008S2wx 


(26) 


where  vx  denotes  an  interpolated  value  for  the  single 
year  of  age  x;  wx  denotes  a  quinquennial  sum  of  data 

2 

centered  on  age  x:  in  other  words,  wx="^2ux+t  where 

l=— 2 

the  "u's"  denote  unadjusted  single  year  values;  and 
the  symbol  8  denotes  a  central  difference  36  taken  at 
quinquennial  intervals.  In  other  words,  if  data  (e.  g., 
deaths  or  populations)  are  available  for  three  consecu- 
tive 5-year  age  groups,  this  is  a  formula  for  estimating 
the  number  at  the  single  age  in  the  middle  of  the 
middle  group.  If  the  single  year  values  for  all  15  ages 
are  exactly  fitted  by  a  third  degree  polynomial,  this 
formula  gives  exactly  the  correct  value.  The  assump- 
tion is,  therefore,  that  the  single  year  values  would  be 
approximately  fitted  by  a  third  degree  polynomial  if 
they  were  unaffected  by  age  heaping  or  sampling  error. 
To  facilitate  the  numerical  computation,  the  formula 
was  put  in  the  alternative  form: 


vx=  —  .008wx_6+  .216wx—  .008wI+5 


(27) 


which  was  used  (with  certain  exceptions  to  be  noted 
later)  to  compute  pivotal  values  of  populations  and 
deaths  at  each  fifth  age  from  age  12  to  97.    The  pivotal 

38  For  a  derivation  of  King's  formula,  see  pp.  109-110  of  AYolfenden's  Actuarial 
Study,  previously  cited. 

3»  Freeman,  Harry,  Mathematics  for  Actuarial  Students,  vol.  2,  p.  76,  Cambridge 
University  Press,  London,  1939. 


values  for  populations  were  taken  to  the  nearest 
integer;  those  for  deaths,  to  two  places  of  decimals. 
In  applying  formula  (27)  to  obtain  pivotal  values  at 
age  97,  figures  for  the  age  group  100  and  over  were  used 
as  though  they  represented  the  age  group  100-104. 

Applying  King's  formula  to  obtain  a  pivotal  value  at 
age  7  would  involve  substituting  in  the  formula  a  value 
of  w2,  which  would  be  a  sum  of  data  for  the  age  group 
0-4.  It  was  not  considered  proper  to  regard  such  a 
figure  as  belonging  to  the  same  series  with  the  other 
"w"  values:  in  the  case  of  the  deaths,  because  of  the 
special  mortality  conditions  prevailing  in  the  first  year 
of  life ;  and  in  the  case  of  the  populations,  because  of  the 
substantial  underenumeration  of  infants  and  small 
children  in  the  census.  Hence,  the  pivotal  values  at 
age  7  were  obtained  by  the  following  special  formula 
based  on  ordinary  interpolation  from  sums  of  data  for 
the  three  age  groups  3-4,  5-9,  and  10-14,  assuming  that 
the  12  single  year  values  can  be  fitted  by  a  second  degree 
curve : 


v7-- 


~  [-25 (u3+Ui)  +  157w7- 7wl2]         (28) 


To  derive  this  formula,  suppose  that  u7+x=a-\-bx-\-cx2. 
Then, 

u7=a 

w7=5a-\-Wc 
w12=5a+25b  +  135c 
u3+Ui=2a—7b+25c 

Now  if  it  be  assumed  that  u7=m(usJrui)-\-nw7-{- rw12, 
substituting  the  above  expressions  and  equating  coeffi- 
cients of  a,  b,  and  c  gives: 

2m+5ft-|-5r=l 

—  7m+25r=0 

25m+10n+135r=0 

Solving  these  equations  yields  m=  —  %s,  ft  =  15/7oo,  and 
r=  —  Yioo,  which  are  precisely  the  coefficients  in  formula 
(28). 

The  other  exceptions  made  to  the  use  of  King's 
pivotal  value  formula  were  confined  to  the  life  tables  for 
Negroes  and  other  races.  In  working  with  Negro 
data  it  has  often  been  found  that  the  substantial  amount 
of  heaping  present  tends  to  produce  cyclical  fluctuations 
or  waves  which  give  to  certain  portions  of  the  graph 
of  the  qx  function  somewhat  the  appearance  of  a  sine 
curve  superimposed  on  the  basic  mortality  curve.  This 
condition  is  quite  apparent  in  the  published  graphs 
of  the  qx  function  in  certain  previous  United  States  life 
tables.37  However,  this  peculiarity  can  scarcely  be 
considered  a  genuine  characteristic  of  the  data  and  there 
would  seem  to  be  little  justification  for  reproducing  it  in 
the  life  table. 

It  will  be  remembered  that  in  the  discussion  of  digit 
preference  in  age  statements38  the  "5-9"  grouping 
was  found  to  be  not  the  most  desirable  for  the  nonwhite 


»»  U.  S.  Bureau  of  the  Census,  op.  cit.,  p.  245;  and  United  States  Life  Tables,  19S0-19S9 
(Preliminary),  for  White  and  Nonwhite,  by  Sex,  pp.  12-14,  July  1941. 
is  See  p.  121. 
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data.  In  fact,  table  BA  shows  that  in  the  digit  grouping 
5-9,  the  nonwhite  populations  are  overstated,  while  the 
nonwhite  deaths  are  understated.  In  the  digit  group- 
ing 0-4,  the  reverse  would  of  course  be  true.  This  would 
mean  that  the  rate  of  mortality  would  be  consistently 
understated  in  the  groups  consisting  of  ages  ending  with 
the  digits  5-9,  and  consistently  overstated  in  the  "0-4" 
groups,  producing  just  the  pine  curve  effect  so  frequently 
observed.  When  pivotal  values  were  obtained  by 
King's  formula,  this  tendency  was  clearly  observed  from 
age  30  to  about  age  60,  where  it  became  obscured  b}T 
more  serious  errors  in  age  statement.39  Although  the 
osculatory  interpolation  formula  used  has  a  moderate 
graduating  effect,  this  was  found  not  to  eliminate  the 
waviness  entirely.  Therefore,  it  was  decided  to  use  also 
a  pivotal  value  formula  which  incorporates  an  element 
of  graduation. 

The  formula  selected  for  this  purpose  was  ^ 


»*=7    .696^+ .488(w«+5+wI_5)-.136(wI+1o+wr_ia)J  (2 


9) 


This  formula  gives  the  middle  term  of  a  25-term  series 
summed  in  five  groups  of  five,  on  the  assumption  that 
the  individual  terms  can  be  represented  by  a  third 
degree  curve.  However,  it  is  not  unique  in  this  respect, 
as  an  infinite  number  of  other  formulas  exist  which  have 
the  same  property.  Its  uniqueness  lies  in  the  fact  that, 
of  the  entire  class  of  such  formulas,  this  is  the  one  for 
which  the  mean  square  error  of  the  interpolated  value, 
vx,  is  least,  on  the  assumption  that  the  mean  square 
errors  of  the  five  sums  of  "u"  values  are  all  equal.41 

This  formula  involves  the  assumption  that  the  "true 
values,"  after  adjusting  for  errors  in  the  data,  of  any  five 
consecutive  age  groups  will  be  exactly  fitted  by  a  third 
degree  curve.  There  are  certain  portions  of  the 
mortality  curve  in  which  this  assumption  is  unsuitable. 
For  both  Negroes  and  "other  races,"  this  is  true  of  the 
ages  under  30,  where  the  death  statistics  form  a  curve 
with  very  rapidly  changing  curvature,  and  where,  in  any 
case,  the  tendency  to  "waviness"  is  not  apparent. 
Here  the  use  of  formula  (29)  was  found  to  produce 
unwarranted  distortion  in  the  mortality  rate;  accord- 
ingly, Bang's  formula  was  used.  For  the  Xegroes,  a 
similar  situation  exists  beyond  age  75,  where  both 
populations  and  deaths  are  decreasing  so  rapidly  that 
the  assumption  of  fitting  a  third  degree  curve  to  the  data 
of  five  consecutive  age  groups  was  clearly  inappropriate. 
In  the  case  of  the  data  for  "other  races,"  populations 
and  deaths  also  decrease  rapidly  above  age  75,  but  the 
figures  are  so  irregular,  because  of  the  small  size  of  the 
data,  that  the  smoothing  effect  of  the  special  formula 
(29)  was  needed,  and  the  values  are  so  rough,  in  any 
case,  that  any  distortion  resulting  from  the  use  of  this 

3»  See  p.  110. 

*o  This  formula  was  first  published  in  an  unsigned  book  review  in  the  Journal  of  the 
Institute  of  Actuaries,  vol.  51,  Xo.  272,  p.  368,  October  1919.  It  is  also  given  by 
Wolfenden  in  his  Actuarial  Study  (previously  cited),  p.  113. 

u  See  Wolfenden's  derivation  of  this  formula,  already  referred  to. 


formula  is  not  of  much  importance.  To  sum  up, 
formula  (29)  was  used  instead  of  King's  formula  in 
obtaining  pivotal  values  of  populations  and  deaths  at 
ages  32  to  72,  inclusive,  for  Xegroes;  and  at  ages  32  to 
87,  inclusive,  for  "other  races." 

Derivation  of  pivotal  rates  of  mortality 

Pivotal  rates  of  mortality  were  computed  at  every 
fifth  age  from  age  7  to  age  97  by  applying  formula  (25) 
to  the  pivotal  values  of  populations  and  deaths.  They 
were  carried  out  to  seven  decimal  places  on  a  unit  basis: 
that  is,  to  four  decimal  places  on  a  per  1 ,000  basis.  The 
progression  of  these  rates  at  the  very  high  ages  was 
carefully  studied,  and  unsuitable  values  were  rejected 
by  inspection.  In  the  end,  the  originally  calculated 
rates  were  retained  through  age  92  for  white  males  and 
females  and  Negro  males,  and  through  age  87  for 
Negro  females  and  "other  races"  males  and  females. 
In  the  case  of  the  life  tables  for  combinations  of  classes, 
pivotal  rates  of  mortality  were  obtained  by  summing 
separately  the  values  used  as  numerators  and  denomi- 
nators in  obtaining  pivotal  rates  for  the  individual 
classes,  at  all  ages  at  which  the  originally  calculated 
rates  were  retained  for  all  the  individual  classes 
included. 

Treatment  of  the  very  old  ages 

At  the  very  old  ages  (those  above  age  90,  approxi- 
mately) mortality  rates  obtained  in  the  conventional 
manner  from  the  data  as  reported  frequently  appear 
unreasonable  or  even  absurd.  This  condition  is  prob- 
ably due  in  part  to  inaccuracies  in  age  statements, 
and  in  part  to  random  irregularities  made  possible  by 
the  very  small  size  of  the  experience  at  these  ages.  It 
is  customary,  therefore,  to  reject  those  values  which 
are  considered  unsuitable,  and  to  end  the  life  table  in 
some  more  or  less  artificial  manner.  From  a  practical 
standpoint,  it  probably  makes  little  difference  what 
method  is  used  for  this  purpose,  as  little  reliance  is 
placed  on  the  values  obtained  at  the  very  old  ages,  and 
they  affect  only  slightly  other  life  table  values  which 
are  extensively  used.  The  question  may  properly  be 
raised  as  to  why  it  is  necessary  to  show  life  table  values 
at  all  beyond  those  ages  at  which  they  can  be  cor- 
sidered  reliable.  It  may  be  answered  that,  in  order  to 
obtain  values  of  the  average  future  lifetime  and  of  life 
annuity  and  assurance  premiums,  it  is  necessary  to 
assume  some  values  of  the  rate  of  mortality  at  the 
oldest  ages,  and  the  user  of  the  tables  may  properly 
wish  to  be  informed  as  to  what  values  were  assumed. 

In  connection  with  the  life  tables  included  in  this 
volume,  the  use  of  a  fifth  difference  interpolation  for- 
mula (as  described  in  the  next  subsection)  made  it 
desirable  to  extend  the  series  of  pivotal  rates  of  mortal- 
ity in  some  manner,  prior  to  performing  the  interpola- 
tion. This  was  done,  in  each  case,  by  fitting  a  third 
degree  curve  to  the  last  four  pivotal  rates  retained.  In 
carrying  out  the  actual  arithmetic,  each  pivotal  rate 
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beyond  those  retained  from  the  original  series  was  com- 
puted from  the  four  preceding  ones  by  the  formula: 

In  the  case  of  the  life  tables  for  combinations  of 
classes,  pivotal  rates  of  mortality  were  not  calculated 
beyond  age  92.  A  special  problem  arose  at  age  92  when 
individual  classes  for  which  the  originally  calculated 
rate  had  been  rejected  were  included  in  the  combina- 
tion. In  such  cases  the  pivotal  value  of  the  number  of 
deaths,  as  originally  calculated,  was  regarded  as  the 
correct  numerator,  and  an  adjusted  denominator  was 
obtained  by  dividing  this  numerator  by  the  extra- 
polated pivotal  rate  of  mortality.  These  adjusted 
denominators  were  carried  out  to  two  decimal  places  in 
order  to  avoid  inconsistency  between  the  life  tables  for 
combinations  of  classes  and  those  for  the  individual 
classes  included. 

Osculatory  interpolation  formulas  used 

The  osculatory  interpolation  formula  used  for  the 
main  body  of  the  life  tables  in  this  volume  was  Jenkins' 
modified  fifth  difference  formula.42  The  word  "modi- 
fied" in  the  name  of  this  formula  indicates  that,  al- 
though satisfying  the  conditions  of  smooth  junction,  it 
does  not  exactly  reproduce  the  pivotal  rates  of  mortality, 
but  has  a  moderate  graduating  effect.  The  advantages 
of  using  a  formula  of  this  type  have  been  aptly  expressed 
by  the  Scottish  actuary,  James  Buchanan,  who  says:43 

The  weak  point  of  the  osculatory  method,  regarded  as  a 
smoothing  agent,  rests  on  the  fact  that  the  graduated  curve  is 
required  to  pass  through  certain  predetermined  points.  The 
curve  will  in  fact  be  constrained  to  take  a  form  similar  to  that 
assumed  by  a  flexible  steel  wire  which  is  clamped  at  fixed  points, 
so  that,  while  the  curve  is  free  from  discontinuities,  any  de- 
parture of  these  points  from  the  smooth  curve  will  be  reproduced 
with  resulting  undulations.  To  remove  this  tendency  to  wavi- 
ness,  Jenkins  has  devised  his  modified  osculatory  method,  which, 
while  requiring  the  successive  interpolation  curves  to  have  the 
same  slope  and  curvature  at  their  common  points  at  the  end  of 
each  interval,  does  not  require  the  curves  to  pass  through  the 
points  corresponding  to  the  calculated  values. 

The  practice  of  employing  such  a  formula  in  the  con- 
struction of  national  life  tables  has  been  slow  to  gain 
general  acceptance,  perhaps  because  it  has  been  con- 
sidered that  fidelity  to  the  original  data  is  here  more 
fundamental  than  smoothness.  However,  experience 
has  shown  that  a  well  chosen  modified  osculatory  for- 
mula can  usually  be  depended  on  to  preserve  the  basic 
underlying  trend  of  the  mortality  curve,  only  local 
irregularities  being  smoothed  out.  National  life  tables 
are  being  increasingly  used  for  population  projections, 
valuation  of  old-age  pensions  and  survivors'  benefits, 

«  Jenkins,  W.  A.,  Graduation  Based  on  a  Modification  of  Osculatory  Interpolation' 
Transactions,  Actuarial  Society  of  America,  vol.  28,  Part  2,  No.  78,  p.  202,  Octo- 
ber 1927.  The  formula  is  also  given  (in  a  form  more  closely  resembling  that  employed 
in  this  volume)  by  Robert  Henderson,  Mathematical  Theory  of  Graduation  (Actuarial 
Studies  No.  i),  second  edition,  p.  22,  Actuarial  Society  of  America,  New  York,  1938. 

«  Buchanan.  James,  Recent  Developments  of  Osculatory  Interpolation,  With  Applica- 
tions to  the  Construction  of  National  and  Other  Life.  Tables,  Transactions  of  Ihe  Faculty 
of  Actuaries  (Scotland),  vol.  12,  Part  5,  No.  Ill,  pp.  117-lfiO,  1929. 


and  other  calculations  in  which  a  lack  of  smoothness 
in  the  life  table  is  likely  to  produce  irregularities  and 
inconsistencies  which,  although  minor,  can  be  awkward 
and  inconvenient.  Also,  it  may  justly  be  argued  that  it 
is  better  to  produce  a  smooth  table  which,  in  all  likeli- 
hood, represents  the  true  underlying  conditions  as 
precisely  as  they  can  be  inferred  from  a  careful  analysis 
of  the  data,  rather  than  a  table  which  merely  reproduces 
the  data  along  with  all  the  errors  they  are  known  to 
contain.  It  is  a  virtue  of  the  better  modified  osculatory 
formulas  that  when  applied  to  a  series  containing  many 
undulations,  such  as  rates  of  mortality  for  Negroes  in  the 
United  States,  they  exert  a  considerable  smoothing 
effect,  and  yet  when  applied  to  a  series  which  is  already 
fairly  smooth,  such  as  the  corresponding  rates  for  white 
persons,  they  produce  only  an  insignificant  change. 

In  the  case  of  5-year  age  intervals,  Jenkins'  modified 
fifth  difference  formula  can  be  written  in  the  form:44 

sf          1  ,,    \  ,  s(s2-25)/,9         1,,    V 
va+t=^l  ua— gg5X  H Y50 — (  8u"~  q8u"  )  + 

-^ ua+5-^54ua+s )-\ Y50~ U2ua+5—Q^ua+A   (30) 

where  ua  and  ua+b  denote  consecutive  pivotal  values, 
8  denotes  a  central  difference  as  before,  t  is  a  number 
between  0  and  5,  s  =  5—t,  and  va+t  denotes  the  interpo- 
lated value  obtained  by  the  formula.  This  formula 
produces  contact  of  the  second  order:  that  is,  the 
interpolation  curves  in  any  two  adjacent  age  intervals 
have  equal  ordinates  and  equal  first  and  second  deriv- 
atives at  their  point  of  junction.  It  may  be  noted 
that  this  formula  gives,  on  substituting  t=0  and  5, 
respectively: 


va=ua  —  3g<54«a 


Va+o —  Un+o        npP  Ua+5 


J_ 

36u 


(31) 


(32) 


These  results  show  that  the  pivotal  values  are  adjusted 
by  the  formula  to  the  extent  of  1/36  of  the  negative 
of  the  corresponding  fourth  central  difference.  Sub- 
stituting  the   expressions    (31)    and    (32)    and   writing 

82ya  for  82ua—-x8iua  the  equation  (30)  becomes: 


Ja+t- 


---^l\ 


s(s2- 25). 


.   t         .  t(f-25),0 


(33) 


In  using  a  formula  which  appears  in  this  symmetrical 
form,  the  arithmetic  can  be  considerably  shortened  by 


"  The  form  given  here  differs  from  that  given  by  Jenkins  and  Henderson  for  the 
reason  that  here  the  single  year  of  age  is  taken  as  the  unit  of  reckoning,  while  in  the 
other  formulations  the  unit  is  the  entire  interval  of  interpolation  (in  this  instance. 
5  years).  The  formula  given  here  is  readily  obtained  from  Henderson's  expression 
upon  replacing  j  by  t/b  and  y  by  s/5.  Jenkins'  original  statement  of  the  formula 
was  in  terms  of  advancing  differences  rather  than  central  differences. 
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employing  a  special  compulation  process  in  which  the 
results  of  certain  calculations  are  used  twice.45 

In  the  construction  of  all  the  life  tables  in  this  volume, 
this  formula  was  used  for  interpolation  from  age  32  to 
the  end  of  the  table.  As  stated  in  the  preceding  sub- 
section, the  series  of  pivotal  rates  of  mortality  was 
extended  to  the  very  old  ages  by  fitting  a  third  degree 
curve  to  the  last  four  of  the  original  pivotal  rates 
actually  used,  which  is,  of  course,  equivalent  to  as- 
suming fourth  differences  to  be  0.  Under  these  condi- 
tions, formula  (30)  reduces  to: 


s(s2-25)  t2         t 
750      6^+5^+o 


t(f-25) 


750 


<52w„ 


which  is  merely  the  ordinary  Everett  interpolation 
formula  46  for  quinquennial  intervals.  This  shows  the 
special  convenience,  in  connection  with  Jenkins' 
modified  fifth  difference  formula,  of  the  particular 
method  chosen  for  terminating  the  life  tables.  It  may 
be  noted  that,  in  carrying  out  the  extrapolation  for  the 
very  old  ages,  the  second  differences  82ua  were  values  of 
a  first  degree  curve  (or  straight  line),  and  could  there- 
fore be  obtained  by  the  formula : 


h2ua=2bhia_b— 82ua. 


(34) 


This  formula  holds  at  the  last  age  for  which  the  calcu- 
lated pivotal  rate  was  retained,  and  at  subsequent  ages. 

In  the  case  of  the  life  tables  for  combinations  of 
classes,  it  was  found  that  interpolation  of  the  rates  of 
mortality  beyond  age  92  would,  in  some  instances,  give 
results  inconsistent  with  the  rates  for  the  component 
classes.  Therefore,  in  all  these  tables,  the  interpolation  was 
terminated  at  that  point,  and  mortality  rates  for  sub- 
sequent ages  were  obtained  from  the  lz  column  of  the 
life  table,  which  was  itself  derived  by  a  special  process 
to  be  explained  later.  The  value  of  52g92  to  substitute 
in  the  interpolation  formula  was  obtained  by  equation 
(34).  This,  of  course,  implicitly  assumes  the  existence 
of  an  extrapolated  pivotal  rate  at  age  97. 

Because  of  the  rapid  change  of  curvature  of  the  qT 
curve  at  ages  under  30,  and  the  small  size  of  the  rate  of 
mortality  at  these,  ages,  the  fourth  differences  of  qz  are 
quite  large  in  relation  to  the  values  of  qx  itself,  and  an 
excessive  adjustment  is  introduced  by  Jenkins'  for- 
mula, which  has  the  effect  of  replacing  the  pivotal  values 
originally  calculated  by  adjusted  values  obtained  by 
formula  (31),  involving  a  fourth  difference  correction. 
Moreover,  the  mortality  curve  commonly  displays 
genuine  irregularities  at  these  ages,  which  it  is  not 
desirable  to  remove  by  a  smoothing  process.  There- 
fore, it  seemed  the  wisest  course  to  use  a  formula  which 

"  Freeman,  op.  cit.,  pp.  73-75.  See  also  T.  X.  E.  Greville's  discussion  in  the 
Record,  American  Institute  of  Actuaries,  vol.  32,  Part  1,  Xo.  65,  pp.  86-S7,  June 
1943.  See  also  Louis  I.  Dublin  and  Alfred  J.  Lotka,  Length  of  Lilt,  pp.  33S-339,  The 
Ronald  Press  Co.,  Xew  York,  1936. 

'-6  Freeman,  op.  cit.,  p.  66.  The  form  given  here  may  be  obtained  from  Freeman's 
expression  by  substituting  central  differences  for  advancing  differences,  changing  the 
origin  so  that  a  corresponds  to  Freeman's  "0,"  and  replacing  i  by  ?/5  and  J  by  s/5. 


would    reproduce    the    pivotal    values.     The    formula 
selected  was  the  familiar  Karup-King  formula,47 


S       ,   8*(8-5)t2       ,1  ,  *2(f-5)y 

iV,=^a+-2^52t/a+^a+5+^?j- 


■o~u 


a+5 


(35) 


This  formula  was  used  for  interpolation  in  all  the  life 
tables  between  ages  12  and  27. 

Between  ages  4  and  12  and  between  27  and  32, 
special  extensions  were  devised  in  order  to  secure 
smooth  junction,  in  the  one  case  with  the  mortality 
rates  under  age  5  specially  computed  from  birth  and 
death  statistics,  and  in  the  other  case  with  the  rates 
above  age  32  interpolated  by  Jenkins'  formula. 
Inasmuch  as  both  the  two  interpolation  formulas  are 
of  the  third  degree,  third  degree  curves  were  employed 
for  the  special  extensions  as  well.  The  curve  used  for 
ages  5  to  11  was  required  to  reproduce  the  calculated 
rates  of  mortality  at  ages  4,  7,  and  12,  and  to  have  the 
same  derivative  at  age  12  as  the  Karup-King  curve 
used  between  ages  12  and  17.  The  curve  used  for 
ages  28  to  31  was  required  to  have  its  ordinate  and 
first  derivative  equal  to  those  of  the  adjoining  Karup- 
King  curve  at  age  27  and  to  those  of  the  adjoining 
Jenkins  curve  at  age  32.  In  both  cases,  there  are 
four  conditions  imposed,  and  this  is  enough  to  determine 
a  third  degree  curve.  In  each  case  also,  it  was  possible 
to  regard  the  interpolation  by  the  special  curve  as 
merely  a  further  application  of  the  Karup-King 
formula,  by  utilizing  a  suitable  artificial  extension  of 
the  series  of  pivotal  values.48 

Seven  decimal  places  were  retained  throughout  the 
interpolation  process,  and  the  resulting  interpolated 
rates  of  mortality  were  rounded  to  six  places.  They 
are  further  rounded  to  five  places  (or  two  places  on  a 
per  1.000  basis)  in  the  published  tables. 

Test  of  the  graduation  of  the  rates  of  mortality 

Tests  were  applied  to  the  final  rates  of  mortality  in 
each  of  the  six  life  tables  for  individual  classes  of  the 
population  to  determine  whether  the  graduation  could 
be  deemed  satisfactory.  It  was  not  considered  neces- 
sary to  test  separately  the  mortality  rates  for  com- 
binations of  classes.  In  making  such  tests,  there  are  two 
chief  points  to  be  considered:  (1)  conformity  to  the 
original  data,  and  (2)  smoothness.  Conformity  to  the 
original  data  is  usually  tested  by  calculating,  for  each 
age  group,  the  number  of  deaths  expected  on  the  basis 

<"  This  formula  was  first  published  by  Johannes  Karup  in  his  article.  On  a  Xew 
Mechanical  Method  oi  Graduation.  Transactions  of  the  Second  International  Actuarial 
Congress,  p.  83,  Charles,  and  Edwin  Layton.  London,  1899.  It  was  discovered 
independently  by  George  King  who  jmbhshed  it  in  the  Journal  of  the  Institute  of 
Actuaries,  vol.  41.  p.  545,  October  1907.  Since  its  publication  by  King,  it  has  been 
used  extensively  in  the  construction  of  national  life  tables,  both  in  England  and 
elsewhere.  The  formula  is  also  given,  in  three  different  forms,  by  Wolfenden  in  his 
Actuarial  Study  (previously  cited),  p.  105.  The  expression  given  here  is  obtained  at 
once  from  Wolfenden 's  form  (c)  upon  replacing  i  by  tjo  and  y  by  s/5,  and  changing  the 
origin  so  that  a  corresponds  to  Wolfenden's  "0." 

For  a  discussion  of  computation  methods,  see  John  Boyer,  Oscillatory  Interpolation 
in  Practice,  Record,  American  Institute  of  Actuaries,  vol.  31,  Part  2,  Xo.  64. 
pp.  337-338,  October  1942.  A  method  similar  to  that  mentioned  in  connection  with 
the  Jenkins  formula  can  also  be  employed. 

<s  The  formulas  which  were  used  for  this  purpose  are  derived  in  the  appendix, 
p.  136. 
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of  the  calculated  rates  of  mortality,  and  comparing  this 
with  the  number  of  deaths  actually  reported.  This 
would  seem  to  be  a  simple  enough  procedure,  but,  in 
dealing  with  grouped  data,  questions  immediately  arise 
as  to  the  proper  method  of  calculating  the  expected 
deaths.  The  traditional  method  consists  in  multiplying 
the  population  at  each  single  age  by  the  number  of 
years  in  the  period  of  exposure  and  by  the  value  of  mx 
at  that  age,  based  on  the  life  table.  In  the  present 
case,  however,  the  populations  used  were  estimated 
populations  on  July  1,  1940,  and  were  not  obtained  by 
single  years  of  age.  Nor  could  such  values  be  made 
available  without  considerable  additional  work,  and 
without  making  some  assumption  as  to  the  distribution 
of  deaths  by  single  ages.  As  an  approximation  to  this 
procedure,  experiments  were  made  with  the  expedient 
of  distributing  the  population  in  each  5-year  age  group 
into  single  years  of  age  in  the  same  proportion  as  the 
corresponding  population  on  April  1,  1940,  the  date  of 
the  census.  In  the  case  of  white  males  and  white 
females,  this  method  gave  numbers  of  expected  deaths 
consistently  smaller  than  the  corresponding  number  of 
reported  deaths,  although  the  differences  were  ex- 
tremely small  in  most  cases.  This  condition  resulted 
from  the  fact  that  the  greatest  "heaping"  occurs  at  the 
ages  ending  with  the  digits  0  and  5,  and  in  the  "5-9" 
mode  of  grouping  these  ages  are,  in  every  case,  the 
youngest  ages  of  the  5-year  age  groups  in  which  they 
fall,  and  therefore,  in  general,  the  ages  having  the 
lowest  mortality  rate  in  the  group.  This  padding  at 
ages  where  mortality  rates  are  lower  results  in  under- 
statement of  the  expected  deaths. 

Another  possible  method  of  computing  the  expected 
deaths  would  be  to  compute,  from  the  life  table,  an 
average  central  death  rate  for  each  5-year  period  by  the 
formula : 

_    lx  —  l'x+5 
5mx —  rp 


■  x+5 


(36) 


and  to  apply  this  rate  to  the  total  population  in  the  age 
group,  multiplying  also,  of  course,  by  the  number  of 
years  in  the  period  of  exposure.  In  the  case  of  white 
males  and  white  females,  this  method  has  a  tendency 
to  produce  expected  deaths  which  are  consistently  very 
slightly  in  excess  of  the  actual  deaths.  This  results 
from  the  assumption  underlying  the  method:  namely, 
that  the  proportionate  distribution  by  single  years 
within  the  5-year  age  group  is  the  same  in  the  actual 
population  as  in  the  hypothetical  life  table  population. 
This  assumption  is  not  exactly  fulfilled,  as  the  numbers 
decrease  more  rapidly  with  age  in  the  actual  popula- 
tion, because  of  the  effect  of  past  migration  and  of  a 
steadily  declining  birth  rate  in  past  years. 

The  fact  that  the  general  tendency  of  the  relation 
between  reported  and  expected  deaths  is  completely 
reversed  by  making  only  a  slight  change  in  the  method 
of  computation  of  the  expected  deaths  is  in  itself  evi- 


dence that  an  excellent  fit  has  been  secured;  and,  by 
either  method,  the  differenfces  are  in  most  cases  small 
fractions  of  1  percent  of  the  numbers  of  deaths  involved. 
However,  it  was  felt  that  a  more  meaningful  comparison 
would  be  obtained  by  estimating  the  populations  at 
single  years  of  age  by  an  osculatory  interpolation 
formula  which  preserves  the  5-year  totals.  For  this 
purpose,  the  Karup-King  formula  was  used.  In  this 
connection  the  interpolation  in  the  age  group  5-9  was 
performed  by  a  special  extension  by  means  of  a  curve 
having  the  property  of  reproducing  the  enumerated 
population  in  the  age  group  3-4.  The  resulting  com- 
parison is  shown  in  table  BB.  No  comparison  is  made 
for  the  ages  under  5,  where  the  methods  used  in  deriving 
mortality  rates  should,  at  least  in  theory,  produce 
exact  agreement  between  actual  and  expected  deaths. 


Table  BB. — Comparison  of  Reported  Deaths  and  Expected 
Deaths  on  the  Basis  op  Life  Tables,  by  Race  and  Sex: 
United  States,  1939-1941 


Race  and 
Age 


white 

5-9 

10-14 

15-19 

20-24 

25-29 

30-34 

35-39 

40-44 

45-49 

50-54 

55-59. 

60-64 

65-69 

70-74 

75-79 

80-84 

85-89 

90-94 

95  and  over... 

Total  5  and 
over 

Total  of  abso- 
lute values.. 

Net  total 

negro 

5-9 

10-14 

15-19 

20-24. 

25-29 

30-34 

35-39 

40-44. 

45-49 

50-54 .... 

55-59. 

60-64 

65-69 

70-74 

75-79 

80-84 

85-89 

90-94 

95  and  over... 

Total  5  and 
over 

Total  of  abso- 
lute values. 

Net  total 


Re- 
ported 
deaths 


16, 716 
17,062 
28,50' 
35,  522 
37, 146 

42,  405 
53,285 
72,  956 
105,  256 
142,  21 

173,192 

201,  341 
229.887 
235,  612 
208,  875 

157,  479 

76,  515 

23,  084 

5,022 


1,862,079 


3,  003 
3,438 
7,043 
10, 661 

12,  472 

13,  602 
15,927 
18,961 

21,  830 
25, 041 

22.  485 

20,  306 

21,  760 
16.  938 
11,302 

7,048 
4,296 
2,060 
1,589 


239,  7ii2 


Ex- 
pected 
deaths 


16,590 
17,  273 
28,485 
35,  277 
37,288 

42,390 
53, 196 
73, 042 
105.  074 
142,  493 

172,  725 
200,  945 
229,  905 
236, 137 
208,  614 

157,  683 
76,  336 
23,091 
5,990 


1,862,534 


2,976 
3,473 
7,074 
10,  566 

12,  502 

13,  400 
16.  243 

18,  954 
22.  173 
24,  359 

22,  302 

19,  846 

23,  641 
16,  772 
11,282 

7,009 

4,297 
2,063 

2.  109 


241,041 


Excess  of  ex- 
pected over  re- 
ported deaths 


211 
"l42 


18 
525 


204 


2,437 


126 


22 
245 


182 


467 
396 


261 


179 


1,982 


4,419 
+455 


3,  160 


27 

35 

31 

..-• 

95 

30 

202 

316 

343 

' 

6S2 

183 

460 

1,881 

166 

20 

39 

3 

520 

1.S81 


5,041 
+  1.279 


Re- 
ported 
deaths 


Ex- 
pected 
deaths 


12, 109 
11,334 
19, 140 
25,  475 
29,490 

33,  709 
39,  774 
50,  335 
68,003 
87,083 

107,050 
135,810 
171,  664 
193, 091 
189,  795 

159, 109 
88,451 
31.981 
8,429 


1,  461,  832 


2,579 
3,012 
8,525 
11,246 
12,253 

12,930 
15,520 
17,503 
18,194 
20,677 

18.  531 
17,038 
16.  956 
13.286 
9,237 

6,061 
4.217 
2.380 
9   977 


212,  422 


12,049 
11,  438 
19,  045 
25,  382 
29,536 

33, 664 
39, 703 
50,435 
67, 809 
86, 991 

106,  940 
135,  278 
171,962 
193,  359 
189,  5 

159,  346 

88,250 

31, 943 

9,264 


1.461.971 


2,561 
3.138 
8.399 
11.215 
12,  2S6 

12,  758 
15,915 
17,032 
18,850 
20, 025 

18,079 
16, 105 
19,387 

13,  163 
9,182 


6,058 

4,222 
2.517 
2.  991 


213, SS3 


Excess  of  ex- 
pected over  re- 
ported deaths 


100 


298 
268 


237 


83." 


60 

95 
93 


45 
71 


194 
92 


110 
532 


218 


201 
38 


1,888!     1.719 


3,617 
+  139 


4.497 


IS 

126 

126 

31 

33 

172 

395 

471 

656 

652 

452 

933 

2,431 

123 

55 

3 

5 

137 

714 

3,036 


7.533 
+  1.461 
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Table  BB. — Comparison  of  Reported  Deaths  and  PJxpected 
Deaths  on  the  Basis  of  Life  Tables,  by  Race  and  Sex: 
United  States,  1939-1941 — Continued 


MALE 

FEMALE 

Race  and 

Age 

Re- 
ported 
deaths 

Ex- 
pected 
deaths 

Excess  of  ex- 
pected over  re- 
ported deaths 

Re- 
ported 
deaths 

Ex- 
pected 
deaths 

Excess  of  ex- 
pected over  re- 
ported deaths 

+ 

- 

+ 

- 

OTHER  RACES 
6-9 

242 
222 
420 
475 

471 

561 
670 
676 
758 
894 

1,030 

1,129 

1,031 

804 

667 

443 
248 
131 
83 

10, 955 

240 
226 
418 
471 
475 

566 
654 
705 
711 
944 

1,015 

1,124 

1,022 

789 

681 

423 
278 
152 
192 

11,076 

4 
4 

29 
50 

14 

30 
21 
109 

261 

2 

2 

4 

5 
16 

47 

15 
5 
9 

15 

20 
140 

216 
213 
414 
479 
399 

283 
312 
292 
328 
342 

345 
371 
387 
376 
321 

252 
158 
104 
83 

5,675 

214 
215 
412 
477 
401 

302 
295 
308 
324 
340 

338 
371 
410 
344 
341 

231 

176 
128 
244 

5,871 

2 

2 
19 
16 

2 

10-14 

15-19. 

2 

20-24 

2 

25-29 

30-34 

35-39 

17 

40-44 — 

45-49 

4 

50-54 

2 

55-59 

60-64.. 

65-69 

23 

20 

18 
24 
161 

285 

70-74 

32 

75-79 

80-84 

21 

85-89 

90-94 

95  and  over 

Total    5    and 
over 

89 

Total  of  abso- 
lute values. . 
Net  total 

4 
+  1 

)1 
21 

3 

+1 

Ji 

In  the  case  of  Negroes  and  "other  races,"  the  dif- 
ferences between  reported  and  expected  deaths  are 
larger,  and  the  comparison  shows  about  the  same  rela- 
tionships, regardless  of  how  the  expected  deaths  are 
computed.  The  method  used  in  the  case  of  white 
lives  seemed,  however,  entirely  suitable,  and  was 
therefore  adopted.  Table  BB  shows,  for  both  Negro 
males  and  Negro  females,  a  very  large  excess  of  expected 
over  reported  deaths  in  the  age  group  65-69,  which  is 
offset  only  to  a  small  extent  by  deficiencies  in  the 
neighboring  age  groups.  This  is  because  the  expected 
deaths  were  computed  on  the  basis  of  populations  as 
actually  reported,  while  the  rates  of  mortality  are  based 
on  a  redistribution  by  age  of  the  population  and  deaths 
between  ages  55  and  70.  This  redistribution  was  made 
in  the  belief  that  a  substantial  number  of  persons 
actually  between  ages  55  and  65  had  been  reported  at 
ages  between  65  and  70.  If  this  is  true,  the  expected 
deaths  for  the  entire'  15-year  age  period  would  be 
greatly  overstated,  because  the  rates  of  mortality  are 
much  higher  at  the  ages  incorrectly  given  than  at  the 
true  ages  of  the  groups  affected  by  this  error.  Table 
BC  shows  how  the  comparison  would  be  altered  if  based 
on  the  redistributed  populations  and  deaths,  and 
indicates  that  the  calculated  rates  of  mortality  conform 
satisfactorily  to  the  redistributed  data. 

The  traditional  procedure  for  testing  the  smoothness 
of  the  graduation  of  a  series  of  rates  of  mortality  calls 
for  examination  of  the  third  differences  of  the  graduated 
rates.  If  these  are  reasonably  small  and  change  sign 
fairly  often,  the  smoothness  of  the  graduation  is  con- 
sidered satisfactory.  The  sum  of  the  absolute  values 
of  the  third  differences  over  some  specified  range  of 


ages  is  often  taken  as  a  criterion  of  smoothness.  It  is 
not,  however,  entirely  clear  why  third  differences, 
rather  than  differences  of  some  other  order,  should 
always  be  used  for  this  purpose;  and  in  fact,  there  are 
strong  arguments,  at  least  from  a  theoretical  stand- 
point, to  support  the  view  that  the  most  appropriate 
order  of  differences  to  be  so  used  depends  on  the 
characteristics  of  the  particular  data,  and  on  the 
graduation  formula  employed.  For  example,  in  con- 
nection with  the  life  tables  in  this  volume,  it  can  reason- 
ably be  argued  that  fourth  differences  are  more  suitable 
at  ages  32  and  above. 

Table  BC. — Comparison  of  Assumed  and  Expected  Deaths 
for  Negroes  at  Ages  50  to  74,  Based  on  Redistributed 
Populations  and  Deaths:   United  States,  1939-1941 


MALE 

FEMALE 

ACE 

As- 
sumed i 
deaths 

Ex- 
pected 
deaths 

Excess  of  ex- 
pected over 
assumed 
deaths 

As- 
sumed ' 
deaths 

Ex- 
pected 
deaths 

Excess  of  ex- 
pected over 
assumed 
deaths 

+ 

- 

+ 

- 

50-54 

55-59.    

25,041 
23,335 
21,452 
19,764 
16,938 

239, 762 

24,367 
23,352 
21,566 
19, 976 
16,826 

240,208 

17 
114 
212 

1,622 

674 

112 
1.176 

20,677 
19,162 
17,640 
15,823 
13,286 

212,422 

20,035 
19, 182 
17,577 
16, 039 
13,202 

213, 159 

20 

37 

216 

2,339 

642 

60-64 

65-69. . . 

70-74 

Total    5 
over  ' 

and 

84 
1.602 

Total  of  abso- 
lute values. . 
Net  total 

2.798 
+446 

3,941 
+737 

1  Redistributed  by  age  as  described  on  p.  111. 
'  Using  the  values  in  this  table  for  ages  50  to  74. 

The  argument  is  based  on  the  fact  that  the  interpola- 
tion formula  employed  above  age  32  (Jenkins'  fifth 
difference  modified  formula)  has  the  property  of  re- 
producing a  third  degree  curve.  In  other  words,  if  it 
should  happen  that  the  guiding  values  at  quinquennial 
ages  were  exactly  the  values  of  some  third  degree 
polynomial  for  the  corresponding  ages,  then  all  the 
interpolated  values  would  also  be  the  corresponding 
values  of  the  same  polynomial.  This  implies  that  when 
a  third  degree  curve  can  be  fitted  to  the  guiding  values, 
such  a  curve  constitutes  an  entirely  satisfactory  gradua- 
tion, and  does  not  require  adjustment.  Now,  the  third 
differences  of  a  third  degree  polynomial  are  constant; 
therefore,  they  need  not  be  small,  and  obviously  do  not 
change  sign.  Thus,  the  conventional  test  for  smooth- 
ness employing  third  differences  is  inconsistent  with 
the  philosophy  underlying  the  interpolation  formula 
used.  On  the  other  hand,  the  fourth  differences  of  a 
third  degree  polynomial  are  0,  so  that  there  is  no 
inconsistency  in  testing  for  smoothness  by  an  examina- 
tion of  fourth  differences. 

The  interpolation  formulas  used  at  ages  under  32 
have  the  property  of  reproducing  second  degree  poly- 
nomials only,  so  that  the  same  fine  of  reasoning  would 
justify  the  application  of  a  third -difference  test  for 
smoothness.  Table  BD  gives  both  the  third  and  fourth 
differences  of  the  rates  of  mortality  for  each  of  the  six 
single  classes  of  the  population  for  ages  4  to  87,  in- 
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elusive.  The  rates  for  ages  under  5  were  not  gradu- 
ated, but  age  4  is  included  in  the  table  because  the 
value  of  54  was  used  to  secure  smooth  junction  with 
the  rates  for  subsequent  ages.  As  the  method  used 
in  extrapolating  mortality  rates  at  the  old  ages  re- 
sulted in  employing  a  single  third  degree  curve  for  all 
ages  above  87,  the  mortality  rates  at  these  ages  do  not 
need  to  be  tested  for  smoothness. 

The  range  of  ages  covered  by  the  table  has  been 
divided  into  three  intervals  of  28  ages  each,  for  which 
separate  totals  are  shown  in  table  BD.  The  first  of 
these  intervals,  including  ages  4  to  31,  is  precisely  the 
area  in  which  it  was  argued  on  theoretical  grounds  that 
a  criterion  of  smoothness  based  on  third  differences  is 
appropriate.     In  general,  it  appears  that  in  the  two 


younger  age  intervals  the  differences  of  both  orders 
change  sign  frequently,  and  the  sum  of  the  absolute 
values  is  satisfactorily  small  in  both  cases,  being  some- 
what smaller  for  third  differences  than  for  fourth 
differences.  However,  in  the  oldest  age  interval,  60  to 
87,  the  third  differences  show  a  marked  tendency  to 
form  clusters  of  positive  and  negative  values,  and  the 
sums  of  their  absolute  values  are  large,  so  that  the 
graduation  would  probably  be  rejected  as  not  suffi- 
ciently smooth  if  strict  reliance  were  placed  on  third 
differences  as  the  criterion  of  smoothness.  On  the 
other  hand,  the  fourth  differences  in  this  interval 
change  sign  frequently  and  have  small  numerical 
values.  Hence,  on  the  basis  of  fourth  differences,  the 
smoothness  would  be  judged  satisfactory  throughout. 


Table    BD. — Thied   and    Fourth    Differences    of    Graduated    Rates    of    Mortality,1    Ages   4   to    87:   United    States, 

1939-1941 


Part  I— 

WHITE 

MALE 

FEMALE 

AGE 

(X) 

MALE 

FEMALE 

AGE 

10»A'g* 

10'A'J, 

10«A3?x 

lO'Aty* 

10sA3g* 

105A^ 

10'Mfr 

10'At?! 

+ 

- 

+ 

- 

+ 

- 

+ 

1 

1 

3 

2 
2 

3 

2 

4 
1 

2 

1 
3 

4 
5 
6 

2 
3 

2 

1 
1 

3 

4 
3 
2 

1 

4 

2 

4 
2 
3 

2 

1 
1 

1 

4 

4 

6 

4 
2 
3 

2 

2 

1 
2 

4 

2 

+ 

- 

+ 

- 

+ 

- 

+ 

- 

4 

3 

2 

1 
1 

2 

L 
1 

2 
1 
4 

1 
2 

1 

2 

1 

2 
3 

2 

2 
2 

1 

2 

2 

1 

2 
4 

1 
2 
1 

2 
1 
1 
1 

1 

1 

2 
3 

1 

1 
1 

4 
3 
3 

4 
1 

2 
2 
1 
2 
3 
1 
2 
3 
1 

1 

3 

1 
3 

5 
5 

2 
3 

1 

1 
3 

5 

4 

2 

4 
2 

2 

3 
1 

1 
6 

2 
3 

1 
1 

2 

2 

4 
6 
2 

3 
2 

2 

1 

1 

1 

2 
1 
1 

2 

1 

1 

2 

2 
3 

3 

1 
2 

1 

1 
1 

2 
1 

3 
2 

1 
1 

3 

2 

2 
1 

2 

1 

1 

2 
2 
3 

1 
1 

1 

1 

1 

1 
1 

56.    

2 
1 

2 
I 
2 

2 
4 
3 
3 
4 

3 
6 
3 
5 
3 

1 

3 
4 
2 
4 
2 

2 

6 
6 
8 
6 

y 
5 

6 

1 
1 

2 

1 

3 
2 

1 
2 
3 
1 
2 

3 

4 

1 

1 
1 

1 
1 

3 

2 
3 

3 

2 

2 
8 

2 
4 

1 

2 

1 
2 

6 
2 
4 
5 
3 

3 
3 

4 
1 
4 

2 

1 
1 

3 
5 
3 

5 

1 

1 

1 

5 

5 
5 

5 
3 

1 
1 

7 

2 
1 

1 
3 

2 

2 
2 
2 
2 

2 

2 

2 

5 

57-. 

58.    

6 

59 

3 

7-. 

60 

8.. 

61 

9.. 

4 

10. 

62 

63 

11 

64 

2 

12.. 

65 _ 

13 

66 

14 

_ 

15 

67 

68-. 

3 

16 

69 

17.. _. 

70 _ 

4 

18 

71 

19. 

20   . 

72 

3 

21 

73- 

74__ 

22 

75 

23_. 

76 

77. _-. 

24 

25  .. 

2 

78 

26. 

27.. 

79 

80._ 

5 
1 

28 

81 _ 

29   - 

8 

30.. 

82.. 

83 

31 

84 

_ 

32 

33_ 

34.. 

85.. 

86 

" 

35.. 

87 

Total  4-31 
Total  of  abso- 
lute values... 
Net  total 

Total  32-59 

Total  of  abso- 
lute values..  . 
Net  total. 

Total  60-87 

Total  of  abso- 
lute values... 
Net  total 

Total  4-87 
Total  of  abso- 
lute values... 
Net  total 

2 

36 

21 

20 

32 

35 

12 

16 

30 

25 

37-. 

38.. 

39 

41 
+  1 

67 
-3 

28 
-4 

55 
+5 

41 

22|l0 

32 
+  12 

3o|28 

58 
+2 

2r|l2 

39 
+  15 

34137 

42 

71 

43 

44 

45 

-3 

54l47 

101 
+7 

25|32 
57 

55|33 

88 
+22 

28134 

46 

62 

47 

48_ 

49_ 

-6 

97|77 

174 
+20 

87|95 

182 

-8 

94|61 

155 
+33 

92|96 

50 

51.. 

188 
-4 

52.. 

53.. 

54.. 

55_. 

'  Rates  were  taken  to  the  nearest  fifth  decimal  place  and  multiplied  by  105. 
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Table    BD. — Third  and   Fourth    Differences    of    Graduated    Rates    of    Mortality,1    Ages    4    to    87:    United    States, 

1939-1941— Continued 

Pabt  ii— NEGRO 


MALE 

FEMALE 

AGE 

(1) 

MALE 

FEMALE 

AGE 
(I) 

10'ASg, 

10!A<?.- 

lO'A'g.. 

KiA<9, 

10'^'j.- 

10>A<gj 

10>A>g, 

10'A*?* 

+ 

+ 

- 

+ 

+ 

-             - 

+ 

+             - 

+ 

4 

1 

i 

2 

ll 

| 

1 

4 
8 
3 

2 

2 

1 
3 
1 
3 

5 

4 
7 

1 

3 

6 
1 

3 

1 
4 

4 
2 

1 

2 

3 

4 
2 
2 

1 

2 
3 

1 

1 

1 

5 

12 
4 

2 

7 
3 

2 

1 
1 

2 

1 

• 
2 
6 

3 

3 

3 
2 

1 
2 

1 
2 

2 
1 

8 

7 

1 

1 

5 
4 
2 
2 

1 

1 

2 
2 

2 
2 
2 
2 
2 

I 

3 
1 

1 

1 

10 
9 
9 

1 

1 
3 

4 

1 

4 

1 

1 

2 
1 
1 
3 

3 
2 

2 

•:■ 

1 
2 
9 

1 

8 
8 

1 

8 

1 
3 

6 

3 

1 

4 

6 
3 

I 
6 

2 

1 
2 

9 

9 

2 
2 

1 
2 

6 

1 
2 

6 
3 

4 

2 
4 

5 

1 
2 

1 
1 

56        

I 

3 

5 

57 

3 

4 

3 

2 

1 

5 

4 
0 
13 

6 

2 

1 
4 

2 

1 
3 
6 

7 

3 

2 

3 

2 

2 

1 

2 

3 
2 
3 
2 

2 

1 
1 

5 
6 
3 

7 
2 

4 

4 
8 
5 

7 

3 
6 

4 
4 
6 

3 
6 
7 
6 
3 

1 

. 

4 
1 
4 

1 
3 

7 

4 

2 

3 

2 
1 

1 

.58 

2 
5 
1 

1 
1 
1 

3 

6 
8 
9 
8 
5 

8 
14 
12 
14 
12 

11 
9 

1 

1 

8 
3 
6 
6 

8 
8 
11 
7 
5 

6               

59 

1 

60-. 

S | 

9 

61 

2 

i6 ... 

62 .-. 

63    

11 

64        

12                

65 

13        

66.. 

14 

15 

67      

3 

68 

lfi 

69 

5 

17 

70 

5 

18        

71 

19 

4 

5 
3 
6 

2 
1 

2 

4 

3 

1 
3 

1 

7 
3 

1 
4 

1 

1 

1 

3 

2 

3 

3 
2 

3 

20 

72. 

1 

73 

21 

74 

22 

75    

23 

76 

24 

25 

78    

3 

26       

79.. 

27                   

80 

4 

28    

81 

29 

30 

82 

2 

83 

31 

84 

32 

85.. 

2 

33      

B6     .- 

34 

4 
5 

35 

S7    

3 

1 

Total  4-31 
Total  of  abso- 
lute values. .. 
Net  total 

Total  32-59... 
Total  of  abso- 
lute values ... 
Net  total 

Total  60-87..-. 
Total  of  abso- 
lute values    . 
Net  total 

Total  4-S7 
Total  of  abso- 
lute values... 
Net  total 

36 

30  35 

65 

—  5 

42  40 

82 
+2 

40  40 

80 
0 

1     . 

37          

38            

99 

39 

—  5 

40 

41    

27|20 

47 

+7 

34|35 

69 
-1 

28|30 

:- 
-2 

31|25 

42      

43-    

56 

44        

+6 

45 

46 

123|64 

87 

+59 

45|34 

79 
+11 

89|25 

114 
+64 

33l31 

4"   _   

48 

64 

49            

+2 

50 

51 

52 

- 

1 

18tl|ll9 

299 
+61 

121)109 

230 

+12 

157195 

252 
+62 

Ul|l  ■ 

53   

219 

54      

+3 

55 

- 

3 

1  Eates  were  taken  to  the  nearest  fifth  decimal  place  and  multiplied  by  10-\ 
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Table    BD. — Third    and    Fourth    Differences    of    Graduated    Rates    of    Mortality,1    Ages   4   to    87:    United   States. 

1939-1941— Continued 

Part  III— OTHER  RACES 


MALE 

FEMALE 

AGE 

MALE 

FEMALE 

AGE 

(l) 

105Atyr 

lOWgi 

105A3?* 

lOSA*?* 

lO'A'?* 

VfiA*gx 

10SA3}* 

105A<?z 

+ 

- 

+       j       - 

+ 

- 

_i_ 

- 

+ 

- 

+ 

- 

+ 

- 

+ 

- 

4 

5 

£ 
1 

5 

2 
6 

8 

7 

1 
2 

2 

1 

1 
2 

1 

2 

1 

5 
I 
6 
2 
3 

2 

3 
3 

6 
8 
3 
I 

2 
4 
2 
5 

1 

2 
3 

1 

4 

1 

1 
1 

1 

2 

1 

2 
1 

8 

5 
2 
6 

2 

4 
2 

2 

4 

1 

1 
3 

2 

3 

1 
3 

1 
1 

1 
6 

5 
1 

3 

5 

4 

7 
2 

7 
2 

3 

1 
8 
1 

1 

3 

3 

1 
2 

1 
1 

2 

2 

1 
3 

2 

4 
i 
i 

1 

3 

2 
4 

4 
2 

4 

3 
1 

2 

2 

1 

1 

4 
2 

1 

1 

4 
3 

2 
2 
5 

5 
6 
4 

5 
3 
4 
2 

2 
2 

1 
1 

I 

1 

1 
1 

2 

2 

] 
1 

1 
2 

2 
6 
2 

2 

2 

6 

4 

5 
2 

2 

2 

5 
2 
1 

1 

3 

3 
1 

3 

8 
1 

9 

1 

2 

2 

6 

2 
1 

2 

1 
1 

1 
2 

4 
2 

2 

I 

1 
5 

56 

5 
7 
5 
7 
6 

3 
3 

5 
2 

11 
17 
17 
16 
18 

13 
13 
13 
13 

15 

11 

14 

1 
5 
3 
2 
3 

10 
16 
15 
14 
9 

2 
1 

8 

2 

2 

2 

1 

1 

5 

20 

6 
2 

2 
3 

4 
1 

2 

1 

3 

3 

2 
10 

6 

1 
5 

4 
I 

1 
1 
1 
1 
2 

2 

4 
1 

4 

5 
8 
9 

2 

18 
27 
26 
25 
28 

19 

22 
21 
20 
21 

20 
22 

15 
20 
22 
20 
13 

I 

4 
3 

1 

3 
1 

2 
31 
9 

3 

3 

1 

2 

5 

57 

58. 

6 

59 

7.. 

60 

__ 

8 

61 

9 

2 

10 

62 

63 

3 

11 

64 

12 

65 ._ 

13 

66.. 

14 

15 

67 

68 

9 

16 

69... ._ 

5 

17 

70...     

17 

18 

71 

19 

20 

72 

2 

73 

21 

74 

22 

75..        

23. _ 

76 

24 

25 

77 

1 

78...     

1 

26. 

79 

27 

80 

9 

28 

81 

29. 

30 

82 . 

1 

83 

1 

31. 

84 

32__ _. 

85... 

1 

33 

86. 

34. 

35 

87 

1 

Total  4-31 
Total  of  abso- 
lute values.. . 
Net  total 

Total  32-59 

Total  of  abso- 
lute values... 
Net  total 

Total  60-87-.-. 
Total  of  abso- 
lute values... 
Net  total 

Total  4-87 
Total  of  abso- 
lute values..  _ 
Net  total 

36 

3750 

87 
-13 

51 

17 

26 

19 

41 

37 

37 _ _ 

98 
+4 

75 

-23 

38. _ 

74 

39 

8+ 

40 _ ._ 

41 

29|21 

50 
+8 

30|35 

65 
—  5 

16|10 

26 

+6 

20|18 

42 

43.- 

38 

44 

+2 

45--..-— 

46.. 

214|67 

281 
+147 

54|38 

92 
+16 

313|90 

403 

+223 

70|51 

47 

48 

121 

49 

50 

+  19 

51 

52 

280] 138 

418 
+  142 

135|120 

255 
+15 

355|l49 

504 
+206 

131 1 106 

53 

237 

54 

55...- 

+25 

1  Rates  were  taken  to  the  nearest  fifth  decimal  place  and  multiplied  by  10». 
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As  regards  the  relative  magnitude  of  third  and  fourth 
differences  in  the  two  younger  age  intervals,  it  should 
be  pointed  out  that  rounding  errors  contribute  the 
greater  part  of  the  numerical  values  of  differences  at 
these  ages,  and  their  effect  becomes  more  marked  as 
the  order  of  differences  increases.  This  point  is  illus- 
trated in  table  BE,  which  shows  both  the  third  and 
fourth  differences  obtained  from  the  mortality  rates 
for  white  males  by  retaining  all  the  seven  decimal 
places  to  which  these  rates  were  originally  computed. 
Comparison  of  table  BD  and  table  BE  shows  that  the 
absolute  values  of  the  differences  are  greatly  reduced 
by  using  the  two  additional  decimal  places.  (Note 
that  figures  in  table  BD  must  be  multiplied  by  100  to 
make  them  comparable  with  those  of  table  BE.)  The 
reduction  in  the  sum  of  the  absolute  values  over  the 


entire  age  range  shown  amounts  to  23  percent  in  the 
case  of  third  differences  and  74  percent  in  the  case  of 
fourth  differences.  Table  BE  shows  that,  in  each  of 
the  three  age  subdivisions,  the  sum  of  the  absolule 
values  is  less  for  fourth  than  for  third  differences  when 
the  effect  of  rounding  is  eliminated,  ll  also  shows 
that  the  third  differences  are  in  reality  predominantly 
positive  and  do  not  change  sign  at  all  frequently  above 
age  30.  Therefore,  the  mortality  rates  would  not 
have  been  considered  satisfactory  above  age  30  if 
third  differences  had  been  taken  as  the  criterion. 
This  seems  to  reinforce  the  suggestion  made  earlier 
that  the  order  of  differences  to  be  employed  for  this 
purpose  should  be  varied  according  to  the  character- 
istics of  the  basic  data  and  the  graduation  procedure 
used. 


Table  BE.- — Third  and  Fourth  Differences  of  Graduated  Rates  of  Mortality  '  For  White  Males,  Ages  4  to  87:  United 

States,  1939-1941 


AGE 

10?A»ff, 

WA'q, 

AGE 

(T) 

10;A'?T 

W'A'q, 

« 

+ 

- 

+ 

- 

+ 

- 

+ 

- 

4     _ _ 

8 
4 

6 

7 

5 

7 

131 

54 
131 

54 
185 
186 
184 

26 
25 
2« 
14 

15 
18 
14 
21 

38 
43 
43 
42 

36 

15 
S 
i 

7 
22 

71 
81 
85 
81 
67 

1 

3 

198 
200 
197 

80 
80 
81 
124 

20 

120 

8 
19 
27 
18 

2 
1 

4 
2 

56... 

57 

113 
136 
142 
136 
169 

291 
323 
319 
321 
341 

413 
434 
431 
432 
353 

28 

23 
6 

33 

122 

32 

2 
20 
72 

21 

1 

5 _  

58 .   .   

6 

6 

59 

7     .            _ 

60 

8                         _ 

2 

61 

9 

124 

3 

251 
77 

178 

131 
1 

146 
1 

8 
3 

7 
17 

5 

15 
49 

10 
4 

9 
19 

112 

134 

195 
2 

211 

1 
43 

2 

204 

100 

1 
12 

4 

1 
6 
21 

6 
1 
1 

4 

14 

75 

11 
8 

10 

62            

4 

63 

11 

64 

12  . 

65 .  

13 

66 

14                                         _.*. _ 

15 

67 

3 

68 

16        

69 

79 

17                                     

70 

325 

18.   .                     

71 

19     . 

80 

20 _ 

72. 

52 
48 
54 

4 

73.     .   

68 
261 

66 

1 
18 
87 

22 

6 

21 

74 

22     

75 ._ 

14 

275 
341 
339 
339 
168 

523 

696 
696 
695 
677 

590 

23.                          

76. 

24 

25                                                                                    

77 

2 

78 

26                                                   

79 

171 

27                                        

80 

691 

28 ._ 

81 

29                                                                               

173 

30 

82 _ 

83 _ 

31 

84 

32     

85 

33     . 

86 

34 , 

35 

87.. 

568 

4 

Total  4-31 -. 

36  

1,0601,103 

2,163 

-43 

37  -                  

925  918 

38                                         

Total  of  absolute  values 

1,843 

39                                              

Net  total .  

Total  32-59 

+7 

40 

41 _ 

1, 244172 
1316 

+1.172 

312[158 

42 _ 

Total  of  absolute  values .. 

470 

43 -  .- .' 

Net  total 

+154 

44 

Total  60-87 

45 - 

5,  33l|4.  599 
9,930 
+732 

1 

7971 L538 

46 

Total  of  absolute  values  . 

2,335 

47 

Net  total.. .. 

-741 

48 

Total  4-87 

49 

7.635|  5,  774 
13,409 
+1,861 

1 

50 

2,  034|2,  614 

Total  of  absolute  values. .. 

4,648 

51 

Net  total 

-580 

52 

53._ __ 

54 

55 — ■ 

1  Rates  were  taken  to  the  nearest  seventh  decimal  place  and  multiplied  by  10 7 
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C.  CALCULATION  OF  OTHER  LIFE  TABLE 
FUNCTIONS 

Calculation  of  lx  and  dx 

The  values  of  lx  and  dx  were  obtained  by  successive 
multiplication  and  subtraction  commencing  with  a 
radix  of  100,000  at  birth,  by  the  usual  elementary 
formulas : 

dx:=—tjX(±x 

(37) 

'j+l  —  "X       ^x  J 

Values  of  qx  were  used  to  seven  decimal  places,  and 
three  decimals  were  retained  in  the  lx  and  dx  values. 
At  the  very  old  ages,  the  number  was  increased,  so  as 
to  give  seven  significant  figures  in  every  case.  Although 
the  published  tables  are  terminated,  in  each  case,  at 
that  age  where  lx,  taken  to  the  nearest  integer,  first 
becomes  0,  nevertheless,  for  reasons  which  will  be 
explained  -later,49  it  was  desired  to  have  lx  values 
computed  further  for  use  in  calculating  the  values  of 
ix,  the  average  future  lifetime.  Accordingly,  the  process 
was  continued  so  long  as  lx  values  in  excess  of  .0025 
were  obtained. 

In  the  life  tables  for  combinations  of  classes,  this 
process  could  be  carried  only  to  age  93,  as  interpolated 
rates  of  mortality  were  not  obtained  beyond  age  92. 
These  tables  were  completed  by  a  special  process 
designed  to  avoid  inconsistencies  between  the  qx  values 
for  the  combination  and  those  for  the  component  classes. 
The  value  of  l92  in  the  combined  table  was  divided 
into  as  many  parts  as  there  were  separate  classes 
included,  the  division  being  made  in  proportion  to  the 
denominators  used  in  computing  the  pivotal  values 
of  g92  for  the  corresponding  life  tables.  Each  separate 
part  of  the  /92  figures  was  then  carried  forward  by 
applying  the  mortality  rates  for  the  corresponding 
separate  class,  the  results  being  summed  to  obtain  the 
subsequent  lx  values  for  the  combined  table.  This  is 
equivalent  to  expressing  the  value  of  lx  for  the  combined 
table  as  a  weighted  sum  of  the  lx  values  from  the 
separate  life  tables  for  the  component  parts.  Using 
the  latter  process  shortens  the  arithmetic.  For  ex- 
ample, let  lxa\  lxl2),  etc.,  denote  the  Ix  values  in  the 
separate  life  tables  for  the  component  classes,  let 
I92',  W ,  etc.,  denote  the  corresponding  parts  into 
which  lg2  for  the  combined  table  is  divided,  and  let 
Wi=/92(1>/^2',  w2=^92(2)/^2",  etc.  Then,  at  ages  above 
92,  lx  for  the  combined  table  is  given  by 

lx=Wilxil)+w*lx<-2)+  .  .  . 

The  qx  values  were  then  obtained  by  the  formula: 


<Z*=1 


"x+l 


In  the  published  tables,  all  the  lx  values  have  been 
rounded  to  the  nearest  integer,  while  the  published  dx 
values  have  been  obtained  by  differencing  the  published 


«»  Sec  p.  134. 


4:  column,  and,  for  that  reason,  differ  slightly  in  some 
cases  from  the  figures  which  would  result  from  rounding 
the  dx  values  as  originally  calculated. 

In  view  of  the  necessarily  rough  nature  of  the  adjust- 
ments made  in  the  data  for  subdivisions  of  the  first  year 
of  life,50  it  was  not  felt  that  much  refinement  was  justi- 
fied in  calculating  the  life  table  functions  for  these 
subdivisions.  Accordingly,  the  value  of  d0  obtained  for 
the  main  life  table  was  merely  divided  among  the 
various  age  periods  within  the  first  year  in  proportion  to 
the  numbers  of  deaths  in  each  age  period  during  the 
3  years  (after  adjustment  for  underreporting,  and 
smoothing  of  the  "other  races"  data).  The  interme- 
diate lx  values  were  then  obtained  by  subtraction,  and 
the  mortality  rates  by  division. 

Calculation  of  Lx 

At  ages  5  and  over,  it  was  considered  sufficiently 
accurate  to  assume  that 

-^x  =  2  V^z  ~Mi+ 1 ) 

At  ages  1  to  4,  Lx  was  obtained  by  the  formula: 

-^z— 'z     (1    jT)dx=lx+i-\-jxdx 

where  fx  denotes  the  separation  factor  previously  re- 
ferred to.51  In  justification  of  this  formula,  it  may  be 
pointed  out  that,  in  the  hypothetical  stationary  popula- 
tion, Lx  represents  the  number  of  persons  at  age  x  last 
birthday  who  would  be  enumerated  by  a  census  taken 
at  any  time.  Naturally  this  is  equal  to  the  number 
who  have  reached  exact  age  x  during  the  preceding  year 
less  those  who  have  died  in  the  meantime:  that  is,  lx  less 
a  part  of  dx.  If  the  incidence  of  deaths  during  a  cal- 
endar year  is  the  same  in  the  stationary  population  as 
in  the  actual  experience,  the  fraction  of  dx  to  be  taken 
is62  aDx/Dx=l-fx. 

The  value  of  L0  was  obtained  b}7  making  separate 
calculations  for  the  various  subdivisions  of  the  first 
year  of  life  and  adding.  The  process  used  is  most 
readily  explained  by  adopting  the  point  of  view  which 
considers  L0  as  the  total  number  of  person-years  of  life 
lived,  between  birth  and  exact  age  1,  by  l0  infants  born 
alive.  The  function  lz—Tx+t  for  a  particular  age 
interval,  x  to  x-\-t,  within  the  first  year  of  life  represents 
the  number  of  person-years  lived  between  these  exact 
ages  by  the  survivors  of  l0  live  births.  This  would  be 
given  by 


Tx—Txj,t=tlx—^tldx=^t{lx+lx+i) 


(38) 


on  the  assumption  that  those  who  die  between  ages  a; 
and  x-\-t  live,  on  the  average,  half  the  period.  It  was 
necessary  to  express  the  values  of  t  as  fractions  of  a  year, 
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on  the  same  assumption  previously  made53  that  the 
total  length  of  the  year  was  365)3  days.  The  value  of  L0 
was  taken  as  the  sum  of  the  values  of  Tx—Tx+t  for  all 
subdivisions  of  the  first  year  of  life. 

With  the  exception  of  L0,  all  the  values  of  Lz  were 
retained  to  not  less  than  one  place  of  decimals  and  to 
not  less  than  six  significant  figures,  for  use  in  subse- 
quent calculations.  Values  of  Tz  —  T1+t  for  subdivisions 
of  the  first  year  of  life  were  rounded  to  the  nearest 
integer  before  addition.  Values  of  Lx  were  obtained  in 
each  case  up  to,  but  not  including  the  last  age  for 
which  lx  was  computed,  but  are  shown  in  the  published 
tables  only  when  the  value  is  at  least  1  to  the  nearest 
integer.  The  published  Lx  values  (except  in  the  first 
year  of  life)  were  obtained  by  differencing  the  pub- 
lished Tx  column,  and  therefore  differ  slightly  in  some 
cases  from  the  figures  which  woidd  result  from  round- 
ing the  originally  calculated  Lx  values  directly. 

Calculation  of  Tx  and  &x 

Values  of  Tx  were  obtained  by  accumulating  the 
computed  values  of  Lx  from  the  oldest  age  avadable 
down  to  age  0.  The  values  of  Tx—  Tx+t  for  subdivisions 
of  the  first  year  of  life  were  added  one  by  one,  proceed- 

»  See  p.  108. 


ing  backward  from  age  1,  in  order  to  obtain  Tz  values 
within  the  first  }Tear.  In  the  calculation  of  iz  each 
value  of  Tx  was  used  to  the  smallest  number  of  decimal 
places  retained  in  any  of  the  Lx  values  included  in  it. 
However,  the  published  values  of  Tx  have  all  been 
rounded  to  the  nearest  integer. 

The  values  of  6X,  carried  out  to  two  decimal  places 
in  all  cases,  were  computed  by  the  formula: 

T 
$  =  — 
1      h 

• 
the  lx  values  being  used  to  the  full  number  of  decimal 

places  originally  retained.  In  order  to  obtain  plausible 
values  of  ix  at  the  oldest  ages  shown  in  the  published 
tables,  the  actual  computation  of  lz  values  was  con- 
tinued so  long  as  the  values  obtained  exceeded  .0025. 
In  arriving  at  this  limit,  it  was  reasoned  that  the  ages 
for  which  figures  appear  in  the  tables  are  those  for 
which  lz  is  at  least  1  to  the  nearest  integer:  that  is, 
the  exact  value  is  at  least  .5.  Therefore,  accuracy  to 
two  decimal  places  will  be  secured,  in  most  cases, by 
using,  in  the  computation  of  Tz,  all  values  of  lz  which, 
when  divided  by  .5,  give  a  quotient  of  at  least  %  of  .01, 
or  .005:  that  is,  all  values  of  lz  in  excess  of  .0025. 


APPENDIX 
A.  METHOD  USED  IN  TESTING  THE  APPROPRIATENESS  OF  GLOVER'S  SEPARATION  FACTORS 


It  was  stated  in  part  V x  that  ijn  dividing  the  deaths 
Dx  occurring  in  each  calendar  year  at  ages  1  to  4  into 
the  two  parts  aDx  and  J)x  according  to  the  year  of  birth, 
it  was  necessary  to  employ  the  same  separation  factors 
fx  used  by  Glover  in  connection  with  the  1910  life  tables, 
as  no  statistics  were  available  on  which  a  new  deter- 
mination could  be  based.  However,  the  appropriate- 
ness of  Glover's  factors  for  use  with  the  1939-1941  data 
was  first  tested  in  the  manner  described  below. 

Let  6x+tdt  denote  the  number  of  deaths  which  occur 
during  a  specified  period  of  observation  (assumed  to  be 
an  integral  number  of  years)  between  age  x+t  (x  being 
an  integer  and  t  a  fraction)  and  age  x-\-t-\-dt,  let  Dx 
denote  the  total  deaths  during  the  period  at  age  x  last 
birthday,  and  let  Kx+t  denote  the  total  deaths  at  all  ages 

x-l 

under  x-\-t,  so  that  KX=^,DZ.  It  follows  immediately  that 


K. 


rx+t 
=       ezdz 


therefore,    -r.Kx+t= 


'x+t- 


On    the  assumption  that  the 

8x+tdt  deaths  occurring  at  exact  age  x-\-t  are  uniformly 
distributed  over  each  of  the  calendar  years  covered, 
these  would  include  tdx+tdt  deaths  where  exact  age  x  was 
attained  in  the  calendar  year  preceding  the  year  of 
death,  and  (1  —  t)9x+tdt  deaths  where  exact  age  x  was 
attained  in  the  year  of  death.  The  total  number  of 
deaths  in  the  calendar  year  following  the  attainment  of 
exact  age  x,  but  before  attaining  age  x-\-l,  which  may  be 
denoted  by  6DX,  would  therefore  be: 


/: 


tex+ldt 


Considering  this  expression  to  be  of  the  form  jUdV, 
where  U=t  and  dV=9x+tdt,  and  integrating  by  parts 
gives: 


sDx=K 


x+V 


D 


Kx,tdt 


-x+l 


Dividing  by  Dx  gives  an  average  separation  factor  for 
the  entire  period  of  observation,  which  may  be  rep- 
resented by  fx.     Thus, 


Jx — jy-(Kx+i- 


i: 


Kx+tdt) 


(39) 


i  See  p.  118. 


Values  of  the  expression  (39)  were  obtained  for  ages 
1,  2,  and  3  by  using  the  deaths  of  the  3-year  period 
1939-1941  and  employing  an  approximate  integration 
formula  to  evaluate  the  integral.  In  the  case  of  ages 
2  and  3,  the  formula  used  for  this  purpose  was  the 
symmetrical  formula: 


I 


i  1 

Kx+tdt=2^\ 


^x+H 


-£*_!+  1SKX+  13Kx+1-Kx+2) 


which  is  obtained  by  fitting  a  third  degree  polynomial 
to  four  consecutive  integral  values  of  Kx.  When  this 
expression  is  substituted  in  formula  (39),  the  latter 
reduces  to: 

1     Dx^-Dx+1 


fx=: 


24ZX 


This  formula  was  not  considered  suitable  for  age  1 
because  of  the  very  large  difference  between  K0  and  Kx, 
and  accordingly  the  following  unsymmetrical  formula 
was  derived  by  fitting  a  thud  degree  polynomial  to  the 
values  of  Kx,  Kx,  K2,  and  K3- 


I 


1  1 

Kl+tdt=YgQ(- 


-  6AK •  + 1 65i^  +  MK2  -  5K3) 


The  values  so  obtained  are  shown  in  table  BF. 

Table  BF. — Estimates  Separation  Factors  for  Ages  1, 
2,  and  3,  Obtained  by  Approximate  Integration: 
United  States,  1939-1941 


Separation 
factors 
used  by 
Glover 

SEPARATION  FACTORS  OBTAINED  BY  APPROXIMATE 
INTEGRATION 

AGE 

White 

Negro 

Other  races 

Male 

Female 

Male      Female 

Male      Femnle 

1 

2 

0.410 
.470 
.480 

0.399 
.450 
.474 

0.404 
.446 
.474 

0.387 
.431 
.464 

0.392 
.434 
.470 

0.415 
.428 
.448 

0.406 
.431 

3 

.450 

In  interpreting  these  results,  it  must  be  remembered 
that  the  values  which  are  being  compared  with  Glover's 
values  have  been  obtained  by  a  method  which  is  not 
only  rough,  but  is  also  based  on  assumptions  which  are 
likely  not  to  be  exactly  fulfilled.  It  may  be  mentioned 
also  that  a  moderate  change  in  the  values  of  the 
separation  factors  affects  the  value  of  the  mortality 
rate  only  minutely.  Therefore,  the  results  obtained  are 
considered  satisfactorily  close  to  Glover's  values,  except 
perhaps  in  the  numerically  unimportant  group  of 
"other  races,"  where  the  data  are  too  scant}',  in  any 
case,  to  yield  reliable  results. 
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B.  DERIVATION  OF  THE  SPECIAL  EXTENSIONS 
OF  THE  KARUP-KING  FORMULA  USED  FOR 
INTERPOLATION  OF  MORTALITY  RATES  AT 
AGES  5  TO  11  AND  26  TO  31 

As  explained  on  pages  125  and  126  of  part  V.  the  rates 
of  mortality  in  the  various  life  tables  were  interpolated 
by  Jenkins'  modified  fifth  difference  interpolation  formu- 
la at  ages  32  and  over,  and  by  the  Karup-King  formula 
at  ages  12  to  27,  while  the  rates  for  ages  0  to  4  were 
calculated  directly  from  detailed  statistics  for  the 
individual  years  of  age.  The  rates  for  ages  5  to  11  were 
interpolated  from  a  special  third  degree  curve  deter- 
mined so  as  to  reproduce  the  calculated  rates  of  mor- 
tality at  ages  4,  7,  and  12,  and  to  have  the  same  first 
derivative  at  age  12  as  the  Karup-King  curve  used  for 
interpolation  in  the  age  interval  12  to  17.  Similarly, 
the  rates  for  ages  28  to  31  were  interpolated  from  a 
special  third  degree  curve  determined  so  as  to  have  the 
same  ordinate  and  the  same  first  derivative  at  age  27 
as  the  Karup-King  curve  used  for  interpolation  in  the 
age  interval  22  to  27,  and  the  same  ordinate  and  first 
derivative  at  age  32  as  the  Jenkins  curve  employed  in 
the  interval  32  to  37.  By  a  suitable  artificial  extension 
of  the  series  of  pivotal  rates  of  mortality,  it  was  possible 
to  simplify  the  numerical  work  by  regarding  these  two 
special  third  degree  curves  as  merely  continuations  of 
the  interpolation  by  the  Karup-King  formula.  It  is  the 
purpose  of  this  section  to  explain  how  these  artificial 
extensions  were  arrived  at. 

If  the  Karup-King  formula  (formula  (35),  p.  126) 
were  to  be  used  in  the  regular  way  in  the  age  interval 
7  to  12,  the  formula  would  be: 


Qi+t=i<l7- 


s2(s-5) 


t       ,  f(t-5), 


25o-5227+5?12+^5o-522l,      (40) 


where  s=5— t,  and  the  requirements  as  to  reproduction 
of  the  calculated  values  of  q7  and  qi2  and  equality  of  the 
derivatives  at  age  12  would  be  automaticaUy  satisfied, 
no  matter  what  value  of  52q7  is  used.  Therefore,  it  is 
proposed  to  use  instead  of  the  actual  value  of  82q7  an 
artifical  value  e  determined  so  that  the  formula  will 
reproduce  the  value  of  q-,.  Setting  I—  — 3  in  formula 
(40)  then  gives : 

gi=  1 .6g7+  .768e-  .6g„—  .2S852ql2 

Solving  for  e  and,  at  the  same  time,  substituting 
522i2=2ir— 22,2+2:  gives: 

6=^(125^-164^+3^+36^)  (41) 

Formula  (40),  with  52q7  replaced  by  a  value  of  e  com- 
puted from  formula  (41)  was  used  not  only  in  the 
interval  7  to  12,  but  for  ages  5  and  6  as  well. 


In  deriving  the  special  formula  used  between  ages 
27  and  32,  the  pivotal  rates  of  mortality  will  be  denoted 
by  "Q"  and  the  interpolated  rates  (including  the 
pivotal  rates  at  ages  22  and  27  reproduced  by  the 
Karup-King  formula  and  the  adjusted  rates  obtained 
at  the  pivotal  ages  32,  37,  and  42  by  Jenkins'  formula) 
will  be  denoted  by  "5."  The  special  formula  for 
interpolation  between  27  and  32  can  be  written  in  the 
Karup-King  form : 


_  8         ,  S2(s  —  0 

227+1—^227 


250  '82q27~'  , 


t  t2(5-t) 

#82 


(42) 


where  €  denotes  an  artificial  value  to  be  used  instead 
of  62232-  The  conditions  as  to  equality  of  ordinates 
and  derivatives  at  age  27  and  equality  of  ordinates  at 
age  32  are  automatically  satisfied,  regardless  of  the 
value  of  6.  Therefore,  e  will  be  determined  so  as  to 
secure  equality  of  the  derivatives  at  age  32.  Differen- 
tiating formula  (42)  with  respect  to  t  and  setting  t—b 
gives: 


1       .1       .    1 
232  — gfcr+gfe+MJ. 


Since  q27=Q27  and 


232 : 


this  may  be  written: 


V32     o^5  Q32 


232'=4&:+ffe-l1^+TV 


(43) 


On  the  other  hand,  the  Jenkins  formula  to  be  used 
for  interpolation  between  32  and  37  may  be  written  as 

a-M-Kft'-^y-Tsr9  («?*-|*<fe)+ 

Differentiating  with  respect  to  t  and  setting  t  =  0  gives: 


Q.32,=  —jQz2~j^52Q32- 


^Q*+^«-^Q«    (44) 


30 


Equating  formulas  (43)  and  (44)   and  solving   for  e 
gives: 

€  =  2<?27-4^32-|52^32  +  |64^32  +  2Q3--^37 

Upon  substituting  the  expressions  in  terms  of  ordinates 
for  the  differences  appearing  in  this  formula,  it  becomes: 

«=4(2&2+4<>27- 15&2+ 10&7-  Q42) 
This  gives  the  value  of  e  to  be  employed  in  formula  (42). 
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C.  METHOD  OF  COMPUTATION  OF  THE 
ACTUARIAL  TABLES  FOR  WHITE  MALES 
AND  WHITE  FEMALES 

Modification  of  the  basic  life  table  values  for  use  in  the 
actuarial  tables  for  white  males  and  white  females 

In  order  to  secure  a  high  degree  of  consistency 
between  the  values  shown  for  the  various  actuarial 
functions  tabulated,  so  that  the  various  mathematical 
relationships  between  commutation  symbols,  annuity 
and  assurance  premiums,  etc.,  would  hold  as  precisely 
as  possible,  the  basic  life  tables  were  slightly  modified 
by  taking  the  lx  column  as  the  basic  column  and  deriv- 
ing all  other  values  from  it.  The  use  of  lx  (instead 
of  qx)  as  the  basic  function  causes  numerous,  but  slight, 
differences  between  the  life  tables  for  white  males  and 
white  females  included  with  the  actuarial  tables  (tables 
14  and  25)  and  those  which  appear  earlier  in  the 
volume  (tables  5  and  6).  The  values  of  lx  are  the  same 
to  age  93  for  white  males  and  to  age  95  for  white  females. 
However,  beyond  these  ages,  the  lx  values  in  the 
actuarial  tables  are  shown  to  enough  decimal  places 
to  have  a  total  of  four  significant  figures,  in  order 
not  to  impair  the  smoothness  of  the  actuarial  func- 
tions by  excessive  rounding.  Nevertheless,  the  limit- 
ing ages  of  the  original  life  tables  have  been  retained. 
The  dx  values  were  obtained  by  differencing  the  new  lx 
columns,  and  therefore  differ  at  the  old  ages  from  the 
ones  previously  given.  The  new  values  of  qx  were  ob- 
tained by  dividing  dx  by  lx  in  these  tables,  and  therefore 
differ  slightly  from  the  earlier  values  in  most  cases. 

Calculation  of  the  force  of  mortality 

Although  the  force  of  mortality  is  not  given  for  the 
general  life  tables  in  part  I,  it  has  been  tabulated,  for 
white  males  and  females,  for  inclusion  with  the 
actuarial  tables,  because  of  its  usefulness  in  various 
actuarial  approximations.  From  age  3  to  the  last 
ages  shown,  y.x  was  obtained  by  the  usual  approximate 
formula : 2 

8(^1-1       'r+l)        V'x-2  —  ^1+2) 

\2lz 


y-x'- 


(45) 


The  original,  unrounded  values  of  lx  were  used. 

This  formula  is  not  applicable  at  ages  0  and  1,  and 
was  considered  unsuitable  at  age  2,  where  it  would 
involve  /„.  Therefore  ^  and  fi2  were  calculated  by 
making  use  of  the  lx  values  at  fractional  ages  under  1, 
in  each  case  fitting  fourth  degree  curves  to  five  con- 
secutive (but  not  equally  spaced)  values  by  means  of 
Waring's  formula.3     The  resulting  equations  were: 

Mi=r(-4-7472^!o+21.26769ZL,-16.50000Z1-.02198/2  + 

L\  12  12 

.00154/3) 

>  Spurgeon,  E.  F.,  Life  Contingencies,  third  edition,  p.  14,  Cambridge  University 
Press,  London,  1938. 
s  See  footnote  on  p.  111. 


M2  =  f(-3-4488lZn  +  4.33333Z1-.  42308Z2-.  52000Z3  + 
t2  i2 

.05856Z4) 

The  estimation  of  the  force  of  mortality  at  birth 
presents  peculiar  difficulties  because  of  the  extremely 
rapid  decrease  in  the  death  rate  immediately  following 
birth.  The  value  has  little,  if  any,  practical  utility; 
however,  values  of  fi0  have  been  included  for  the  sake 
of  completeness  and  because  of  academic  interest  in 
the  results.  It  is  believed  that  this  is  the  first  time  a 
serious  attempt  has  been  made  to  obtain  a  realistic- 
value  of  the  force  of  mortality  at  the  moment  of  birth. 
However,  the  result  obtained  must  be  regarded  only  as 
a  general  indication  of  the  magnitude  of  this  quantity, 
and  in  no  sense  an  accurate  computation  of  its  value. 

Previously  published  values  of  ju0  show  a  wide  varia- 
tion as  indicated  in  table  BG.  Values  of  the  force  of 
mortality  have  not  appeared  in  the  official  publications 
of  any  country  except  Australia  and  Belgium.  How- 
ever, a  value  calculated  from  English  Life  Table  No.  8 
has  been  published  in  a  text  book  of  the  Institute  of 
Actuaries.4  King  5  obtained  a  value  of  fi0  (based  on 
data  for  insured  lives)  by  fitting  a  Makeham  curve  to 
the  values  of  l0,  Zi,  and  Z2.  Aside  from  the  curious 
assumptions  made  by  him  in  deriving  his  Makeham 
constants,  it  is  clear  that  the  shape  of  the  lx  curve  in 
the  neighborhood  of  age  0  cannot  be  correctly  repre- 
sented without  taking  into  account  the  incidence  of 
mortality  within  the  first  year  of  life.  King's  value 
(.15920)  is,  of  course,  absurdly  low.  The  Belgian 
figures  were  obtained  by  merely  fitting  a  fourth  degree 
polynomial  to  the  values  of  lx  at  the  integral  ages  0  to  4. 
This  method  is  open  to  the  same  objections  as  King's. 
Spurgeon's  value  for  England  and  Wales  was  obtained 
by  the  admittedly  rough  method  of  taking  365  times 
the  ratio  of  the  deaths  under  1  day  of  age  in  the  3  years 
1910-1912  to  the  number  of  births  in  the  same  3  years. 
Spurgeon  states  that  this  method  "clearly  underesti- 
mates the  true  value  of  the  force  of  mortality  at  the 
moment  of  birth."  In  connection  with  the  Australian 
life  tables  of  1901-1910,  constructed  by  Air.  C.  H. 
Wick  ens,  it  is  stated  6  that  these  values  were  obtained 
from  a  graduation  of  the  rates  of  mortality  at  ages  0  to  4 
by  Makeham's  second  modification  of  Gompertz's 
formula.  The  method  appears  to  have  been  similar 
to  King's.  In  the  report  concerning  the  Australian 
life  tables  of  1920-1922,  it  is  stated  7.that  " m*  for  age  0 
for  each  sex  was  determined  from  special  data  available 
for  deaths  during  the  first  week  of  life."     The  statement 


<  Spurgeon,  op.  cit.,  p.  397  and  398. 

5  King,  George,  Institute  of  Actuaries'  Text  Book  of  the  Principles  of  Interest,  Life 
Annuities,  and  Assurances,  and  Their  Practical  Application ,  Part  II,  Life  Contin- 
gencies, second  edition,  pp.  103-104,  Charles  and  Edwin  Layton,  London. 

0  Australia  Census  Bureau,  Census  of  the  Commonwealth  cf  Australia.  Sr,/  April, 
1911,  vol.  I,  Statisticians  Report,  p.  325,  MeCarron,  Bird  and  Co.,  Melbourne,  1917. 

7  Australia  Commonwealth  Bureau  of  Census  and  Statistics,  Census  of  the  Com- 
monwealth of  Australia,  4th  April,  1931,  vol.  II,  p.  329,  Government  Printer, 
Melbourne,    1927. 
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is  not  accompanied  by  any  such  qualification  as  that 
given  by  Spurgeon,  although  the  similarity  in  the  results 
suggests  that  a  similar  method  was  used.  In  the  ac- 
count of  methods  of  construction  of  the  most  recent 
Australian  life  tables,8  the  method  of  computation  of 
the  force  of  mortality  at  birth  is  not  stated,  but  it  may 
be  presumed  to  be  similar  to  that  employed  in  connec- 
tion with  the  1920-1922  tables. 

Table  BG. — Force  of  Mortality  at  the  Moment  of  Birth: 
Published  Values  for  England,  Australia,  and  Belgium 
Compared  With  Results  Obtained  for  Whites  in  the 
United  States,  1939-1941 


VALUE  OF  Ho 

Male 

Female 

England  and  Wales  (total  population)  1910-1912  ' 

Australia  (total  population)  1901-19I0 s 

Australia  (total  population)  1920-1922  3... 

4.  70944 
.2279 

4.  83547 
4. 83249 

. 18554 

5.  51469 
10.  29757 

0. 1784 
3.  63620 

Australia  (total  population)  1932-1934  ' _ 

Belgium  (total  population)  1928-1932   i _ 

3.  74807 
.14241 

United  States,  whites,  1939-1941,  using  Spurgeon's  method  «... 
United  States,  whites,  1939-1941  as  shown  in  tables  14  and  25  7_  _ 

4.  25239 
8.  06964 

1  Spurgeon,  op.  cit.,  p.  398. 

'Australia  Census  Bureau,  Census  of  the  Commonwealth  of  Australia,  3rd  April, 
1911,  vol.  Ill,  pp.  1215,  1217,  McCarron,  Bird  &  Co.,  Melbourne,  1914. 

3  Australia  Commonwealth  Bureau  of  Census  and  Statistics,  Census  of  the  Com- 
monwealth of  Australia,  ith  April,  1921,  vol.  II,  pp.  1838,  1840,  Government  Printer, 
Melbourne,  1925. 

4  Australia  Commonwealth  Bureau  of  Census  and  Statistics,  Census  of  the  Com- 
monwealth of  Australia,  SOth  June,  19SS,  Australian  Life  Tables,  1932-193/,,  pp.  6,  65, 
Government  Printer,  Canberra,  1937. 

8  Office  Central  de  Statistique,  Recensement  General  de  la  Population,  au  31  Decembre 
1930,  tome  VII,  Tables  de  Mortality  de  la  Population  Beige,  1928-1932,  pp.  57,  59. 
•  For  method  of  calculation,  see  text,  p.  137. 
7  See  pp.  58,  69  of  this  volume;  for  method  of  calculation,  see  p.  138. 

It  seems  highly  probable  that  mortality  is  heavier 
in  the  earlier  than  in  the  later  part  of  the  first  day  of 
life,  and  that  Spurgeon's  method  considerably  under- 
estimates the  true  value.  The  values  for  ju0  shown  in 
tables  14  and  25  were  obtained  by  fitting  a  Gompertz 
curve  to  the  lz  values  at  birth  and  at  the  ages  of  1  day 

1  2 

and    2    days.     Taking    x=0,    j->   and   j>  respectively 

(where  A=365J0,  in  the  Gompertz  formula: 


l*=ktf 


(46) 


and  equating  to  the  corresponding  lz  values  gives  three 
equations  which  can  be  solved  for  k,  g,  and  c.  Taking 
the  logarithm  of  the  expression  (46)  and  differentiating 
gives : 


M 


:=-efa(l0^ 


Cx  l0ge  C  log,  g 


Therefore, 


ju0=—  log,  clog,  g 


Calculation  of  commutation  columns  and  net  premiums 
The  commutation  functions  Cz  and  Dx  were  obtained 
by  the  usual  elementary  formulas: 

Dx=v% 
Cx=vx+1dx 


9  Australia  Commonwealth  Bureau  of  Census  and  Statistics,  Official  Year  Book  of 
the  Commonwealth  of  Australia,  No.  29,  pp.  928-942,  Government  Printer,  Canberra, 
1936. 


They  were  checked  by  the  relation: 

Cx=vDx-Dx+i 

The  functions  ATZ  and  Sx,  Mx  and  Rx  were  obtained  by 
successive  accumulation  of  the  values  of  Dx  and  CZ) 
respectively.  These  were  checked  by  the  corresponding 
relations: 

Mz=vNz—Nz+l 


Rz=vSx-S. 


x+\ 


The  functions  az,  Az,  and  Pz  were  obtained  directly 
from  the  commutation  columns,  and  checked  by  the 
relations: 

Az=l-d(l+az) 


l+ax 


The  values  of  Cz  and  Dz  were  obtained  to  five  signifi- 
cant figures  throughout.  In  the  case  of  the  commuta- 
tion values  obtained  by  summation,  the  number  of 
decimal  places  retained  in  each  case  was  the  smallest 
number  contained  in  any  one  of  the  figures  included  in 
the  sum. 

D.  PROCEDURE  USED  IN  CARRYING  OUT  THE 
MAKEHAM  GRADUATION  OF  THE  LIFE 
TABLE  FOR  TOTAL  WHITES 

General  considerations 

It  has  already  been  stated  9  that  an  important  reason 
forpreparing  a  makehamized  mortality  table  for  the  total 
white  population  rather  than  for  the  separate  sexes  was 
the  fact  that  certain  technical  difficulties  were  en- 
countered in  attempting  to  graduate  the  white  male 
and  female  data  separately  by  Makeham's  law.  It  is 
well  known  10  that  with  distinct  tables  for  males  and 
females,  the  law  of  uniform  seniority  does  not  hold  in 
connection  with  annuities  involving  combinations 
of  male  and  female  lives  unless  the  Makeham  constant 
c  has  the  same  value  in  both  the  male  and  female  tables. 
Experimental  calculations  indicated  that  this  could  not 
be  done  without  marked  distortion  of  the  rates  of 
mortality  as  previously  calculated  for  the  separate  sexes. 

Method  of  graduation  employed 

In  the  belief  that  the  makehamized  table  would 
find  its  chief  use  in  the  calculation  of  life  annuity 
values,  the  graduation  was  performed  with  the  specific 
aim  of  reproducing  as  closely  as  possible  the  values 
of  whole  life  annuities  as  calculated  from  the  life  table 
already  prepared  for  the  total  white  population.  For 
convenience,  the  latter  table  will  be  referred  to  in 
the  following  discussion  as  the  "original"  table.  As  it 
was  planned  to  publish  life  annuity  values  at  rates 
of  interest  ranging  from  2  to  4  percent,  the  actual  fitting 

•  See  p.  94. 

"  See  Transactions  of  the  Faculty  of  Actuaries  (Scotland),  vol.  3,  p.  296. 


COMPUTATION  OF  ACTUARIAL  TABLES 


139 


was  carried  out  by  the  use  of  annuities  calculated  at 
the  intermediate  rate  of  3  percent,  in  order  to  secure  the 
closest  over-all  agreement  for  the  several  interest  rates 
tabulated. 

The  method  employed  in  determining  the  Makeham 
constants  is  that  suggested  by  Henderson.11  In  this 
method,  a  preliminary  graduation  is  first  made,  using 
approximate  values  of  the  Makeham  constants,  and 
life  annuity  values  are  computed  on  the  basis  of  the 
preliminary  graduation.  Next,  the  differential  calculus 
is  employed  to  estimate  closely  the  effect  on  the  an- 
nuity values  of  small  changes  in  the  values  of  the  con- 
stants; and  finally,  the  method  of  least  squares  is  used 
to  determine  precisely  the  small  adjustments  to  be 
made  in  the  values  of  the  constants,  in  order  to  repro- 
duce most  closely  the  annuity  values  based  on  the 
original  table. 

Preliminary  graduation 

Under  Makeham's  law,  the  force  of  mortality  nx  is 
given  by  the  equation: 


iix=A±Bcx=A+BeKx 


(47) 


where  A,  B,  and  c  are  constants  to  be  determined,  and 
\=\ogec.     This  leads  to  the  further  equation: 12 


lx=ksxgc 


(48) 


where  s=e~A,  o=e_s/\  and  k  is  a  further  constant 
depending  on  the  radix  of  the  life  table.  Therefore,  in 
a  life  table  which  follows  Makeham's  law, 

Mz+10       Mz+5__    5 
Mx+5      M* 

In  making  the  preliminary  graduation,  c5  was  calculated 
by  this  formula  for  z=30,  35,  40,  .  .  .  ,  80,  using  values 
of  \xx  calculated  from  the  original  table  by  formula  (45) ; 
and  the  arithmetic  average  of  the  11  values  so  obtained 
was  taken  as  the  preliminary  value  of  c5.  The  values  of 
g  and  s  were  then  determined  by  fitting  the  curve  to  the 
values  of  l30,  ho,  and  Z90,  as  given  by  the  original  table. 
The  values  of  the  constants  so  obtained  were: 

c  =  1.091889 

A  =  . 08790888 

log10  g=  -.0004974 

log10s= -.0004566 

^  =  .0010514 

£=.0001007 

Final  determination  of  the  Makeham  constants 

Using  accented  symbols  to  denote  values  based  on  the 
preliminary   graduation,    and   unaccented   symbols   to 

»  nenderson,  Robert,  Mathematical  Theory  of  Graduation  (Actuarial  Studies  No.  i), 
second  edition,  pp.  97-99,  Actuarial  Society  of  America,  New  York,  1938. 
12  For  the  derivation  of  this  formula,  see  Spurgeon,  op.  cit.,  pp.  191-192. 


denote  those  based  on  the  final  graduation,  and  writing 

A=A'  +  h,  logeB=\ogeB'  +  \j,  A=A'+Z         (49) 

gives : 

Vx=A+Be*x=A'+h+B'e<*'+1"x+J) 
so  that,  approximately 

_  .  ,  ,da/  .   .da/  .  7da/  ,„.,. 

a*=a*  +^'+^+ZW  (50) 

Continuous    annuities    have    been    employed    in    this 
expression  because  of  the   difficulty  of  obtaining   ex- 
pressions for  the  partial  derivatives  of  annual  annuities. 
From  the  relations:13 


ax=  I     v'tpx 


dt 


v  =  e~ 


"Jo"** 


At 


it  follows  that 


whence 


I 


tPx=e 

-(A+W-BJJe^^^dr 


bdx da2 


=  —        tvl  ij)xdt=  —  (la 


(51) 


where  (7a)x  denotes  the  present  value  of  a  continuous 
increasing  life  annuity  in  which  the  payment  at  exact 
time  t,  if  the  annuitant  is  then  alive,  is  tdt.  An  approxi- 
mate formula  for  (Ia)x  is  obtained  from  the  approxi- 
mate relation: 14 


ax = ax  -\-  g — J2  (m* + 5) 


(52) 


upon  differentiating  with  respect  to  8.     First,  it  may 
be  noted  that 


Since 


-jzv'=-Tze~n=  —  te~n  =  —  tvl. 


da. 


a*=X)  v'tPx,  it  follows  that  ~=r/=  —  S  tvttPx=  —  (7a) r 

(  =  1  od 


i=i 


Therefore, 


(7d%=  --^r=  (7a)x+j2 


(53) 


approximately.    The  other  partial  derivatives  are  given 
by  the  equations:15 


da3 


=  az(Mr+5)  — 1 


(54) 


and 


dar 


{z-£)^-  +  (A+8)  (Id)x-ax  (55) 


"  Spurgeon,  op.  cit.,  pp.  133, 16;  Rietz,  n.  L.,  Crathorne,  A.  R..  and  Rietz,  J.  Ctaas., 
Mathematics  of  Finance,  second  edition,  p.  31,  Henry  Holt  and  Co.,  New  York,  1939 
M  Spurgeon,  op.  cit.,  p.  133. 
is  Spurgeon,  op.  cit.,  p.  134;  Henderson,  op.  cit.,  p.  99. 
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Values  of  \xx  and  lx  (based  on  an  arbitrary  radix)  were 
calculated  from  the  constants  obtained  in  the  prelim- 
inary graduation,  and,  from  the  latter,  values  of  ax 
and  (Ia)z  were  computed.  These  results  were  used  in 
calculating  the  values  of  the  partial  derivatives  by 
equations  (51)  to  (55) ;  and  h,  j,  and  /  were  then  deter- 
mined by  the  method  of  moments  (equivalent  in  this 
case  to  the  method  of  least  squares).  As  the  sole 
purpose  of  the  graduation  was  to  reproduce  as  closely 
as  possible  the  annuity  values  based  on  the  original 
table,  it  was  decided  to  assign  equal  weight  to  all  the 
individual  ages.  Under  these  conditions,  the  method 
of  moments  was  most  easily  carried  out  by  means  of  a 
process  of  successive  accumulation  applied  to  the  terms 
of  equation  (37),  the  equations  for  the  determination 
of  h,  j,  and  /  being: 


0  e    ?\fj  '       0 

X=a  I=a    CJ.nL  r=a 


ba. 


br 


0  P     jVl  '  e     ba  '         e     ba  ' 

xw'-a/)=AS2f%+£S2%+E2% 

e  P     ba  '         &      ba  '         &     ba  ' 

where  the  double  accent  denotes  values  based  on  the 
original  table,  and  where: 

l—a  I=a Z=a 


and 


X~a  I— a  z— a 


Some  study  was  given  to  the  question  of  the  exact 
range  of  ages  to  be  employed  in  the  determination  of 
h,  j,  and  /,  the  ultimate  decision  being  in  favor  of  the 
ages  10  to  80,  inclusive.  Although  the  Makeham  curve 
was  not  actually  used  down  to  age  10,  it  was  found  that 
the  use  of  values  for  this  and  subsequent  ages  in  the 
fitting  facilitated  obtaining  a  smooth  junction  with 
the  values  from  the  original  table,  which  were  to  be 
used  for  the  ages  under  10.  A  close  fit  at  the  ages  above 
80  was  not  considered  important,  and  it  was  found  that 
it  could  be  secured  only  at  the  cost  of  accepting  much 
less  satisfactory  agreement  at  the  j'ounger  ages.  The 
resulting  adjusted  values  of  the  constants,  obtained 
by  substituting  in  equations  (49)  were: 

c=1.0924931 

X=. 08846246 
log10  #=-.000474834 
log,0  s=  —  .000461004 

^  =  .0010615 

B=  .00009672 

Junction  with  original  values  at  very  young  ages 

From  about  age  90  down  to  about  age  17,  the  final 
Makeham  graduation  provides  a  close  fit  to  the  original 
table,  but  between  ages  10  and  17  the  Makeham  curve 
produces  rates  of  mortality  which  are  much  too  high. 


Accordingly,  it  was  decided  to  use  the  Makeham  for- 
mula only  at  ages  17  and  over.  It  was  desired  to  retain 
the  mortality  rates  from  the  original  table  from  birth 
to  age  10,  in  order  to  preserve  the  minimum  in  the  rate 
of  mortality  which  occurs  at  age  10.  It  was  also  desired 
to  have  the  values  of  whole  life  annuities  under  the 
original  table  exactly  reproduced  at  ages  1 1  and  under. 
This  was  accomplished  by  the  following  process.  First, 
blended  annuity  values  were  obtained  for  ages  12  to 
16  by  the  formula: 

ax  =  \[{x-\\)ax"+{\7-x)ax») 

where  az  denotes  the  blended  annuity  value;  az°,  the 
value  according  to  the  original  table;  and  azM,  the  value 
according  to  the  Makeham  curve.  The  blended  values 
were  taken  as  the  final  graduated  annuity  values,  and 
rates  of  mortality  at  ages  11  to  16  were  obtained  by 
the  formula: 

(l  +  i)az 


1 


1+Oz+l 


Completion  of  the  mortality  table 

In  order  to  secure  the  consistency  among  the  various 
actuarial  functions  which  results  from  regarding  lz  as 
the  basic  function  of  the  mortality  table,  and  yet  retain 
the  full  smoothness  of  the  Makeham  graduation,  the 
radix  of  the  table  was  taken  as  1,000,000  rather  than 
100,000.  The  values  of  lz  up  to  and  including  age  11 
were  those  calculated  for  the  original  table,  but  retain- 
ing one  significant  figure  in  addition  to  those  shown  in 
table  4.  From  age  11  to  age  17,  inclusive,  the  values 
of  lz  were  computed  by  the  formulas  (37),  employing 
the  values  of  gz  obtained  from  the  blended  annuity 
values,  as  described  above.  The  value  of  /,7  determined 
in  this  manner  was  then  equated  to  the  Makeham 
formula  (48)  in  order  to  determine  the  constant  k. 
The  values  of  Iz  at  all  the  remaining  ages  were  then 
calculated  from  this  formula.  All  values  were  rounded 
to  the  nearest  integer,  except  that  at  the  older  ages, 
sufficient  decimal  places  were  retained,  for  the  sake  of 
smoothness,  to  have  six  significant  figures  in  all  cases. 
The  table  was  terminated  at  the  point  where  lz  first 
became  0  to  the  nearest  integer  on  the  conventional 
100,000  radix:  that  is,  when  it  became  less  than  5,  on 
the  basis  of  the  radix  of  1,000,000  actually  used. 

The  values  of  dx,  pz,  and  qz  were  obtained  from  the 
lz  column  in  the  conventional  manner.  From  birth  to 
age  16,  y.x  was  calculated  by  the  same  formulas16 
which  were  used  in  the  case  of  white  males  and  white 
females.  At  ages  17  and  over,  it  was  calculated  in 
accordance  with  Makeham's  law  by  formula  (47). 

Tests  of  the  graduation 

A  graduation  by  means  of  a  mathematical  formula 
such  as  Makeham's  law,  of  course,  does  not  need  to  be 
tested  for  smoothness.     As  the  graduation  was  specif- 

i»Seep.  137. 
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ically  designed  to  reproduce  life  annuity  values  as 
closely  as  possible,  the  most  obvious  test  of  the  "fit" 
of  the  graduation  is  a  comparison  of  annuity  values 
based  on  the  original  and  makehamized  tables.  This 
comparison  is  made  in  tables  BH  and  B J  for  both  whole 
life  and  temporary  life  annuities  at  selected  ages,  with 
interest  at  2,  3,  and  4  percent.  Up  to  age  80,  the 
agreement  is  seen  to  be  extremely  close.  Table  BH  also 
compares  the  rates  of  mortality  under  the  two  tables. 
A  further  comparison  showing  joint  life  annuity  values 
on  both  tables  for  selected  combinations  of  ages  at  3 
percent  interest  is  given  in  table  BK. 

In  table  BL,  the  expected  deaths  according  to  the 
makehamized  table  are  compared  with  the  reported 
deaths.  As  the  fit  is  much  less  close  than  in  the  case 
of  the  life  tables  graduated  by  osculatory  interpolation, 
the  precise  method  to  be  used  in  calculating  the  ex- 
pected deaths  was  not  a  matter  of  great  moment. 
Accordingly,  the  simplest  method  was  chosen:  that  of 
computing  an  average  value  of  mx  for  each  5-year  age 
group,  by  formula  (36), "  and  applying  it  to  three  times 
the  estimated  July  1,  1940,  population  in  the  age  group. 


"  See  D.  127. 


Table  BH.- 


In  view  of  the  rigid  character  of  the  Makeham  curve, 
it  is  to  be  expected  that  the  differences  would  be  much 
greater  than  in  the  other  cases  where  the  more  flexible 
osculatory  method  was  used,  and  table  BL  shows  this 
to  be  the  case.  However,  between  ages  25  and  90,  the 
difference  never  exceeds  3  percent  of  the  reported  deaths 
except  by  a  very  small  margin  in  the  age  group  35  to  39. 
The  expected  deaths  are  deficient  by  more  than  9 
percent  at  ages  20  to  24,  and  are  in  excess  by  more  than 
11  percent  at  ages  10  to  14.  At  ages  11  to  14,  in  particu- 
lar, the  rates  of  mortality  in  the  makehamized  table  are 
much  too  high.  However,  these  discrepancies  would 
have  little  effect  on  the  values  of  life  annuities,  even 
temporary  annuities  at  young  ages,  because  the  actual 
level  of  mortality  at  the  ages  concerned  is  very  low. 
The  only  common  financial  fimctions  which  would  be 
seriously  affected  are  premiums  and  values  for  short 
term  assurances  at  young  ages,  and  there  would  be  little 
occasion  to  use  this  table  for  such  calculations.  All 
things  considered,  it  is  believed  to  be  a  highly  satisfac- 
tory table  for  the  purpose  it  was  mainly  intended  to 
serve:  that  of  approximating  the  values  of  single  and 
joint  life  annuities  by  the  original  table. 


-Comparison  of  Rates  of  Mortality  and  Valttes  of  Immediate  Whole  Life  Annuities  by  Original  and  Make- 
hamized  Mortality  Tables:  Total  Whites  in  the  United  States,    1939-1941 


RATE  OF  MORTALITY 
(1,000    ?*) 

PRESENT  VALUE  OF  IMMEDIATE  WHOLE  LIFE  ANNUITY  (az) 

AGE 

(I) 

Interest  at  2  percent 

Interest  at  3  percent 

Interest  at  4  percent 

Original 
table 

Makehamized 
table 

Original 
table 

Makehamized 
table 

Original 
table 

Makehamized 
table 

Original 
table 

Makehamized 
table 

0    .                 

43.15 
1.24 
.85 
1.20 
1.78 

2.12 
2.49 
3.20 
4.41 
6.46 

9.64 

14.43 
21.40 
31.64 
48.39 

75.83 
115. 99 
171.09 
238.74 
312.88 

388.11 

43.15 
1.24 
.85 
1.30 
1.65 

1.98 
2.49 
3.29 
4.53 
6.46 

9.45 
14.08 
21.25 
32.30 
49.26 

75.06 
113.82 
170.  94 
252.  61 
363. 99 

505. 25 

34.  2881 
34.  7444 
33. 3438 
31. 7710 
30.1115 

28. 3457 
26.4200 
24.3388 
22. 1207 
19. 7977 

17. 4190 
15. 0288 
12. 6741 
10.3861 
8. 2190 

6.2870 
4.6845 
3. 4257 
2.5009 
•    1.8461 

1.3824 

34. 2889 
34. 7452 
33. 3451 
31.7888 
30. 1372 

28.  3470 
26. 4109 
24. 3340 
22. 1288 
19. 8174 

17. 4333 
15. 0219 
12. 6398 
10. 3516 
8.2234 

.      6.3151 
4. 6713 
3. 3147 
2.2437 
1.  4355 

.8486 

26.  7047 
27. 3545 
26. 5553 
25. 6078 
24. 5754 

23. 4380 
22. 1427 
20.6834 
19. 0674 
17.3112 

15.4517 
13.  5226 
11.  5648 
9. 6057 
7. 6983 

.    5.9560 
4.4817 
3. 3039 
2.4273 
1.8003 

1. 3532 

26.  7047 
27. 3545 
26.  5553 
25. 6216 
24. 5966 

23. 4392 
22.1352 
20. 6798 
19. 0744 
17. 3295 

15.4660 
13.  5186 
11.5350 
9. 5745 
7.7029 

5. 9845 
4. 4730 
3.2026 
2. 1840 
1.  4057 

.8349 

21. 5432 
22.  2342 
21.  7637 
21. 1747 
20.  5151 

19.  7648 
18. 8759 
17. 8345 
16. 6363 
15.2905 

13.8192 
12. 2476 
10. 6060 
8. 9182 
7.2311 

5.  6542 
4.  2941 
3. 1899 
2.  3575 
1.  7566 

1. 3252 

21.5428 

5                                                      

22. 2336 

10 

21. 7630 

15                                 ... 

21. 1852 

20    - 

20.  5323 

25 

19.  7664 

30 

18. 8695 

35 — 

17. 8306 

40— 

16.6429 

45 , 

15. 3070 

50 --. 

13. 8333 

55 

12. 2451 

60 

10.  5800 

65 

8.8897 

70 

7.2357 

75 1 

5.6827 

80 

4.2891 

85 

3. 0971 

90 

2. 1273 

95 

1.3770 

100 

.8216 

048160— 4G- 
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Table  BJ. — Comparison  of  Values  of  Temporary  Immediate  Life  Annuities  by  Original  and  Makehamized  Mortality 

Tables:  Total  Whites  in  the  United  States,  1939-1941 


INTEREST  AT  2  PERCENT 


AGE   (x) 


Original 
table 


Makehamized 
table 


INTEREST  AT  3  PEP.CENT 


TNTEEE6T  AT   4  PERCENT 


Original 
table 


Makehamized 
table 


Original 
table 


Makehamized 
table 


VALUE  OF  TEMFORAEY  IMMEDIATE  LIFE  ANNUITY  FOR   10  TEARS   (0,;  10 ) 


0. 
10 

20. 
30. 
40. 

50. 
60. 

70. 
80. 
90 


0.. 
10. 
20. 
30 

40 

50. 
60 
70 
80 


8.5134 
8.9332 
8.8874 
8.8442 
8.7183 

8.4085 
7.7744 
6.4527 
4.3577 
2.4719 


8.5134  I 
8.9295 
8.8945  I 
8.8417 
8.  7157 

8.4208 
7.7633 
6.4508 
4.3825 
2.2358 


S.08S6 

8.4843 
8.4412 
8.4010 
8.2837 

7.9944 
7.4021 
6.1655 
4.1940 
2.4016 


8.0856 
8.4806 
8.4479 
8.3987 
8.2811 

8.0059 
7. 3917 
6.1632 
4.2180 
2. 1769 


7.6891 
8.0679 
8.0277 
7.9901 
7.8802 

7. 6101 
7.0560 
5.8978 
4.0404 
2.3347 


7.  G891 
8.0646 
8.0339 
7.9879 
7.8781 

7.6209 
7.0465 
5.8953 
4.0636 
2.1209 


VALUE  OF  TEMPORARY  IMMEDIATE  LIFE  ANNUITY  FOE  20  YEAES   (a,:  H) ) 


15.4188 
16.1380 
15.9922 
15.  7713 
15. 1879 

13.9357 
11.6212 
8.0958 
4.6807 


15.4158 
16. 1353 
16.0060 
15.  7615 
15.1946 

13. 9562 
11.5886 
8.1139 
4.6703 


14.0343 
14. 6913 
14.5626 
14.  3710 
13. 8630 

12.  7675 
10.7360 
7.5999 
4.4787 


14.0317 
14.6885 
14. 5752 
14.3623 
13.8682 

12.7864 
10.7069 
7.6151 
4.  4721 


12.8249 
13.4272 
13.  3136 
13.1464 
12.7021 

11.7410 
9. 9514 
7.1524 
4.2917 


12.822s 
13.4245 
13.3248 
13.1388 
12.7067 

11.7585 
9.9255 
7.1652 
1.2884 


Table  BK  — 

-Comparison  of  Values  of  Immedi 
Mortality  Tables:  Total  V\ 

ate  Whole  Life  Annuities  on  Two  Joint  Lives,  by  Original  and  Makehamized 
'hites  in  the  United  States,  1939-1941,  Interest  at  3  Percent 

AGE  OF  YOUNGER  LIFE 

AGE  OF  OLDER 
LIFE 

0 

10 

20 

30 

40 

Original 
table 

Makehamized 
table 

Original 
table 

Makehamized 
table 

Original 
table 

Makehamized 
table 

Original         Makehamized 
table                  table 

Original 
table 

Makehamized 
table 

0 

23. 9240 
24. 1577 
22.6244 
20.5645 
17.  8244 

14.  5186 
10.9107 
7.2874 
4.2545 
2. 3096 

23. 9239 
24.1290 
22.6431 
20.  5563 
17.8300 

14.  5309 
10.8S20 
7.2915 
4.2466 
2.  0792 

10 

24. 6108 
23.2590 
21.2977 
18.  5555 

15.  1644 
11.4205 
7.6381 
4.4609 
2.4203 

24. 6107 
23.2789 
21.2896 
18.5609 

15. 1764 
11.3895 
7.6409 
4.4516 
2.1784 

20 

22.2554 
20.6410 
18. 1711 

14.9581 
11.3169 
7.5905 

4.4417 
2.4130 

22.2944 
20.6526 
18. 1939 

14.9846 
11.2979 
7.6020 
4.  4377 
21745 

30 --- 

19.4834 
17.  4670 

19.  4714 
17.4692 

40 

16.0579 

13.7701 
10. 7547 
7.  3716 
4.  3694 
2.3898 

16. 0714 

50  

14.5935                14.6030 
11.1567                11.1247 
7.5318  1                 7.5350 
4.4232  i                 4.4161 
2.4071                  2.1687 

13.7906 

60 — 

10. 7322 

70 

7. 3773 

80 

4.3644 

90 

2.1549 

AGE  OF  YOUNGER  LIFE 

AGE  OF  OLDER 
LIFE 

50 

60 

70 

so 

90 

Original 
table 

Makehamized 
table 

Original 
table 

Makehamized 
table 

* 

Original 
table 

Makehamized 
table 

Original 
table 

Makehamized 
table 

Original 
table  . 

Makehamized 
table 

50_—  r-.     

12.2387 
9. 9212 
7.0082 
4.2391 
2.3454 

12.  2674 
9.9124 
7.0248 
4.2426 
2. 1218 

60 

8. 4701 
6.  3114 
3. 9739 
2.2518 

8.4341 
6.3065 
3. 9753 
2.0439 

70... 

'  5. 0708 
3. 4360 

2.0487 

5.0732 
3.4458 
1.8760 

80  . 

2.5597 
1.  6575 

2.5860 
1.5534 

90 

LITffl 

1. 0593 
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Table  BL. — Comparison  of  Reported  Deaths  and  Expected 
Deaths  on  the  Basis  of  the  Makehamized  Mortality 
Table:  Total  Whites  in  the  United  States,  1939-1941 


AGE 

Reported 
deaths 

Expected 
deaths 

EXCESS  OF  EXPECTED 

OVER  REPORTED 

DEATHS 

+ 

- 

5-9                      

28,825 
28,396 
47,647 
60,997 
66,  636 

76, 114 

93, 059 

123, 291 

173,  259 

229,300 

280,  242 
337, 151 
401, 551 
428, 703 
398, 670 

316,588 

164,966 

55, 065 

13, 451 

3, 323, 911 

28,712 
31,647 
48,544 
55,  236 
64,  735 

77, 315 

95, 855 

125, 718 

171,217 

224,904 

275,  463 
339, 033 
412, 691 
434, 553 
393, 261 

313, 053 

168,  572 

61,200 

19,598 

3,341,307 

113 

10-14. 

3,251 
897 

15-19 

20-24 

5,761 

25-29 

1,901 

30-34... 

1,201 
2,796 
2,427 

35-39 

40-44 

45-49 

2,042 

50-54 

4,396 

55-59  . 

4,779 

60-64 

1,882 

11,140 

5,850 

65-69... 

70-74...                                    

75-79 

5,409 

80-84 

3,535 

85-89 

3,606 
6,135 
6,147 

45, 332 

90-94 

95  and  over 

Total  5  and  over         _ 

27.  936 

Total  of  absolute  values... 

73, 268 

Net  total __ 

-17, 396 

w—x=- 


Calculation  of  other  tables  derived  from  the  make- 
hamized mortality  table 
The  values  of  the  Makeham  constants  and  their 
logarithms  (given  in  table  36)  were  either  obtained  in 
the  process  of  graduation  or  followed  readily  from  values 
so  obtained.  Values  in  the  table  of  uniform  seniority 
(table  37)  were  calculated  by  the  formula:18 

log  (l+C-*)-log2 
logc 

where  y— x  denotes  the  difference  between  the  ages  of 
the  two  lives  and  w—x  denotes  the  addition  to  the 
younger  age. 

The  annuity  values  shown  in  tables  39  to  42  were 
obtained  by  division  from  values  of  Dx  and  Nx,  Dxz  and 
Nxx,  etc.,  calculated  for  that  purpose.  The  "D's"  were 
obtained  by  successive  multiplication  by  lx:  thus 
Dx=vxlx,  DXX=DJX,  Dxxx=Dxxlx,  and  so  on.  The 
"N's"  were  obtained  by  summing  the  "D's."  Enough 
significant  figures  were  retained  in  both  "D's"  and 
"N's"  to  obtain  annuity  values  correct  to  four  decimal 
places. 

is  Spurgeon,  op.  cit.,  p.  258. 
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Conservatism  in  calculating  premiums  for  life  insurance 55 

Consistency: 

of  actuarial  tables 92,137,140 

of  life  tables 25 

Construction  of  life  tables.    See  Life  tables,  construction  of. 

Continental  United  States  covered  by  1939-1941  life  tables _.  1.101 

Contingencies,  allowance  for,  in  life  insurance 56, 57, 88, 97 

Contingent  interest  in  property 57,90 

Continuous  annuities : 139,140 

Contract  of  life  insurance  or  annuity. 88,91,97 

Correction: 

for  effect  of  migration 112, 119, 120 

for  errors  and  bias  in  basic  data 2, 101 

for  incomplete  or  inaccurate  age  statements: 

in  Negro  populations  and  deaths 101, 110-112 

unreported  ages  at  death 101, 109 

for  incompleteness  of  reporting: 

of  births 101-103,107,108,116 

of  infant  deaths 101,103-107,108,109,116 

for  roughness  due  to  small  volume  of  data 2,101,109 

Cost  estimates  for  pension  schemes 57 

Courts  of  law,  use  of  actuarial  tables  by 57 

C.  S.  O.  table.   See  Commissioners  1941  Standard  Ordinary  Mortality  table. 

Curvature  of  q,  curve,  change  of __      126 

Curve.    See  Polynomial  and  Undulations  in  mortality  curve. 

Cyclical  fluctuations  in  mortality  rates 123 

Czechoslovakia: 

life  table  values  for 15-17 

source  of  life  tables  for 14,20 

d„  number  dying: 

apparent  inconsistencies  in  values  of 25 

calculation  of 133,137 

defined 21 

Damage  suits,  use  of  actuarial  tables  in 57 

Date  of  death 88,97 

Davis  extension  to  age  0: 

of  1930-1940  Experience  table .- 55, 56 

of  Commissioners  1941  Standard  Ordinary  table.. 55, 56 

Davis,  MalvinE 55,56 

Days  of  life  under  1  week.    See  First  year  of  life,  subdivisions  of. 

Death: 

average  age  at,  in  life  table  cohort.. 23 

calculations  for  benefits  payable  on 87-93,97 

damage  suits  resulting  from,  give  rise  to  actuarial  calculations 57 

frequency  distribution  of  ages  at,  in  life  table 23,24 

monetary  benefits  contingent  on  (see  also  Assurances,  life) 1 

Death  rates: 

for  1939-1941  by  age,  race,  and  sex 3 

infant.    See  Infant  mortality. 

Death-registration  States: 

of  1900 11-13 

of  1920 10-13 

Death  statistics: 

errors  in 1,2 

infant.    See  Infant  death  statistics. 

preliminary  adjustment  of__ 101-112, 114 

used  in  adjusting  for  change  in  population  distribution  between  April  1  and 

July  1, 1940 109 

used  in  construction  of  life  tables 1, 101 

used  in  testing  appropriateness  of  Glover's  separation  factors 135 

Deaths: 

at  unreported  ages 101, 109 

basis  of  tabulation  of,  in  life  insurance  experience 56 

calculation  of  pivotal  values  of 112, 122-124 

chance  fluctuation  in  number  of 2 

comparison  of  reported  and  expected 126-128, 141, 143 

completeness  of  reporting  of: 

affects  accuracy  of  life  tables 1, 101, 102 

among  Negroes 1, 10 

in  infancy 103-107 

derivation  of  separation  factors  for 117-119 

expected,  calculation  of 126-128, 141 

from  puerperal  causes,  effect  on  life  tables 10 

from  tuberculosis  cause  peculiarities  in  life  tables . 10 

grouping  of  ages  in  tabulations  of 120-122 

in  1919-1921  below  normal 10,14 

in  life  table  cohort 21-25 

in  Mexico  show  age  heaping  on  multiples  of  5 - 14 

infant.    See  Infant  deaths. 
Negro: 

geographic  differences  in  completeness  of  reporting 10 

in  selected  age  groups,  expressed  as  ratio  to  those  at  ages  50  to  54.. Ill 

redistribution  of.  at  ages  55  to  69 _ 101,110-112,128 

reported  ages  possibly  affected  by  enactment  of  social  security  legislation.  110,  111 

number  of,  in  life  table 21-25,133,137 

occurring  immediately  after  birth  often  due  in  part  to  mechanical  causes 104 

of  1939-1941,  by  race  and  sex 2 
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of  1939-1941  form  basis  of  life  tables ._ l 

of  white  males  under  5  by  age,  year  of  death,  and  year  of  birth,  1934-1941 116 

osculatory  interpolation  may  be  applied  to __ 122 

preference  in  reporting  of  ages _ 120-122 

proofs  of.. 88,97 

registered: 

at  certain  ages  under  5,  by  race  and  sex,  1934-1941 113 

for  ages  3  and  over,  by  race  and  sex,  1939-1941 114 

sampling  error  in 2 

subtraction  of,  in  computing  exposed  to  risk  at  ages  1  to  4 _ 116,117 

symbols  for,  in  mortality  rate  formulas-. _ _ 115,119 

under  age  5  include  some  born  outside  United  States.. 119 

Decimal  places,  number  of: 

in  tables _ _  2 

retained  in  calculations. _ _ 123,124,126.132-134,137,140,143 

Deferred  annuity _ __ 85-87,89,91-93,95,96 

Deferred  life  assurances _.  87,88,92 

Deficiency: 
in  census  enumeration.    See  Incompleteness  of  enumeration, 
in  reporting  of  births  and  deaths.    See  Completeness  of  reporting. 
Definitions: 

of  annuitant __ 85 

of  commutation  functions _ _ 86,87,89 

of  elementary  life  table  functions 21,22 

of  equivalent  equal  age _. 94 

of  force  of  mortality _ 93 

of  index  of  preference. _ _ 121 

of  insured.. _ 87 

of  maturity  date.. "'_       85 

of  measures  of  longevity 2,3,23 

of  modified  interpolation... _ 125 

of  osculatory  interpolation. 125 

of  present  value 85 

of  pure  endowment __ 85 

of  radix  of  life  table _ 23 

of  rate  of  discount •. __ _       90 

of  separation  factor 117 

of  survival  rate.. _ 93 

of  symbols  used  in  computing  mortality  rates 115,119,123 

of  term  certain 90 

of  tontine  fund _~~        85 

of  types  of  annuities _ 85,88,89 

of  types  of  life  assurances. 87 

of  valuation  date _ 85 

Delaware: 

completeness  of  birth  registration,  1940 102 

death  rates  under  1  year,  by  age,  1939-1941 104 

enacts  Standard  Non-Forfeiture  and  Valuation  Laws _ ._       55 

law  recognizes  new  mortality  table _.       55 

registered  and  adjusted  births,  1939-1941 102 

Deliveries,  instrumental,  may  affect  infant  death  rate 104 

Demographers  interested  in  life  table  construction... 1 

Demographic  analysis,  experience  of  Miss  Foudray  in II 

Demographic  research,  applications  of  life  tables  in . 22-24 

Denmark: 

life  table  values  for _ 15-17 

sources  of  life  tables  for.. 14,20 

Denominator  and  numerator 86,95,96 

Department  of  Justice,  Immigration  and  Naturalization  Service 110 

Derivatives: 

of  interpolation  curve 122,126,136 

partial _ 139 

Differences: 

advancing 125,126 

central ._ 123, 125, 126 

fifth,  in  interpolation 124, 125 

third  and  fourth,  used  to  test  smoothness  of  graduation 128-132 

Differential  calculus  employed  in  Makeham  graduation 139 

Digit  groupings  in  computing  mortality  rates _.  120-124 

Digit  preference  in  age  statement 120-122 

Disablement,  damage  suits  resulting  from,  give  rise  to  actuarial  calculations. .         57 
Discount: 
rate  of: 

defined : _       90 

expressions  for 90 

involved  in  joint  life  assurance  formulas 90,91,97 

rates  of,  corresponding  to  selected  rates  of  interest 97 

Dispersion  of  ages  at  death  in  life  table  cohort 23 

District  of  Columbia: 

completeness  of  birth  registration,  1940 102 

death  rates  under  1  year,  by  age,  1939-1941 104 

included  in  ranking  of  States  by  infant  mortality 103 

registered  and  adjusted  births,  1939-1941 102 

Dividend  paid  on  participating  life  insurance  policy... 88 

Dublin,  Louis  I 24,126 

Dying,  number  of,  in  life  table _ 21, 25, 133, 137 

ex.    See  Average  future  lifetime. 

Economic  status  affects  mortality 57 

Elementary  life  table  values: 

modification  of,  for  inclusion  in  actuarial  tables 92, 137 

tables  of 26-53.58,69,80 

Emigration ._.. _ 21-23, 109, 110, 112, 119, 120. 122 

Endowment  life  assurances 87,88,90-93 

Endowment,  pure -  85,88,89,91,92 

England  and  Wales: 

force  of  mortality  at  birth  in... 137, 138 

graphs  of  number  of  survivors  in --  18, 19 

life  table  values  for.. 15-17 

low  adult  mortality  in.. 14 

mortality  compared  with  other  countries 14 

osculatory  interpolation  used  in  life  tables  for 122 

source  of  life  tables  for 20 

England,  open-face  commutation  symbols  used  in 57 

English  Life  Tables 14,122,137 

English-speaking  world - 57 

Enumerated  population.    See  Population,  enumerated. 

Enumeration,  completeness  of 1. 101-103, 120 

Equivalent  equal  age  corresponding  to  a  set  of  unequal  ages 94,96,98,99 

Error,  mean  square,  of  interpolated  value 124 
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Errors: 

believed  not  to  affect  seriously  life  tables  for  whites. 1-2 

characteristic  of  particular  ages 1,  2, 110,  111 

in  mortality  rates  for  first  day  of  life-- -.- 104 

in  population,  birth,  and  death  statistics -. 1, 101, 102 

in  populations  and  deaths  offset  each  other  in  computing  rates 1,101,102 

may  affect  life  tables  for  Negroes  and  other  races 1,2 

resulting  from  inaccuracy  of  reporting 1,2,101,110,111,120,121 

resulting  from  incompleteness  of  reporting 1, 101-109 

resulting  from  incorrect  statements  of  age 1,101, 110.  111.  120, 121 

sampling— 2,101,109 

systematic- 1,120.121 

two  main  types,  in  data  underlying  life  tables 1.  2, 101 

Estates,  valuation  of: 

actuarial  tables  used  for 57 

illustration  of 90 

Estimation: 

of  age  distribution  of  future  population 22,23 

of  figures  not  available  from  tabulations 101 

of  foreign-born  population  under  age  5  by  single  years -• 112 

of  July  1,  1940,  populations _• 109,110.112-114 

European  actuaries,  symbols  used  by 25,  57 

European  countries,  life  table  values  for _ 15-17 

Everett,  J.  D 126 

Everett's  interpolation  formula . 126 

Examples  of  actuarial  calculations 93-98 

Expectation  of  life.    See  Average  future  lifetime. 
Expected  deaths: 

calculation  of 126-128.141 

compared  with  reported  deaths 126-128. 141 

Expenses,  allowance  for,  in  life  insurance 56,57,88,97 

Experience  table,  1930-1940: 

basis  of -       55 

commutation  columns  supplied  by  American  Life  Convention II 

values  compared  with  those  based  on  other  mortality  tables 55.56 

Exposed  to  risk  of  death 115-117, 119, 123 

Exposure  underlying  life  tables 2 

Extension  of  Karup-King  formula 136 

Extrapolation  of  mortality  rates  at  old  ages 25, 124-126 

Females: 

and  males,  joint  life  computations  for,  based  on  separate  life  tables 97-99 

comparison  of  different  quinquennial  age  groupings  for,  in  1935  deaths  and 

1940  census 122 

comparison  of  reported  and  expected  deaths  for 127, 128 

data  used  in  computing  mortalitv  rates  for 113, 114 

deaths  of,  in  United  States,  1939-1941 2 

enumerated  populations  of,  1940.. 2 

force  of  mortality  at  birth  for.  in  certain  countries 138 

graphs  of  life  table  values  for 4-9,13.19 

least  squares  adjustmentlof  deaths'of  "other'raccs" 109 

less  numerous  in  life  insurance  mortality  experience. __ _ __ 56 

life  table  values  compared  with  males 2-10 

life  tables  for 11,15-17,30,31,36,37,42,43.48-53 

live,  on  average,  longer  than  males 2-3 

Negro: 

comparison  of  assumed  and  expected  deaths  at  ages  50  to  74 128 

comparison  of  populations  in  certain  age  groups,  1930  and  1940 110 

deaths  in  selected  age  groups  as  ratio  to  number  at  ages  50  to  54  (graph)...      Ill 

original  and  redistributed  populations  and  deaths  at  ages  55  to  69 112 

Negro  and  other  races,  have  higher  mortality  than  males  at  certain  ages 10 

separation  factors  obtained  by  approximate  integration 135 

show  higher  mortality  than  males  at  certain  ages  in  depressed  countries 10 

third  and  fourth  differences  of  graduated  rates  of  mortality.!. 129-131 

white: 

actuarial  tables  for 69-79 

computation  of  actuarial  tables  for 137,138 

Fertility  rates 24 

Figures,  list  of IV 

Filipinos  in  United  States,  1940 3 

First  day  of  life,  mortality  in 104,137,138 

First  week  of  life: 

data  used  in  computing  force  of  mortality  at  birth  in  Australia 137 

little  life  insurance  experience  for 55 

First  year  of  life  (see  also  Infants,  Infant  deaths,  efe.): 

deaths  tabulated  by  month  of  age  in 117 

large  number  of  deaths  in 2 

migration  concentrated  in  latter  part  of 120 

redistribution  of  "other  races"  deaths  in 101, 109 

subdivisions  of: 

adjustment  for  incomplete  reporting  of  deaths  by 101. 108. 109 

calculation  of  life  table  values  for 133, 134 

data  used  in  computing  life  tables  for 114 

explanation  of  columns  of  life  tables  for ._ 22 

life  table  functions  for 50-53 

life  table  values  for,  regarded  as  reasonable  approximations  only 2. 108 

used  in  computing  force  of  mortality  at  ages  0,  1,  and  2 137. 138 

used  in  studying  completeness  of  reporting  of  infant  deaths 103-106 

Five-vear  age  groups.    See  Quinquennial  age  grouping. 
Florida: 

completeness  of  birth  registration.  1940 102 

death  rates  under  1  year,  by  age,  1939-1941 104 

registered  and  adjusted  births,  1939-1941 102 

Forborne  annuity 85,87 

Force  of  interest  («) 139 

Force  of  mortality: 

at  birth 137, 13S 

calculation  of 137.138,140 

defined 93 

included  in  actuarial  tables 55,  93 

use  in  joint  life  computations 94,96,98 

values  of 58,69,80 

Foreign-born: 

estimated  populations  under  age  5,  by  single  years 101. 112 

nonwhites  under  age  1,  estimate  of..*. . 102 

Foreign  countries: 

Force  of  mortality  in_ • 138 

graphs  of  number  of  survivors  in 18. 19 

life  table  values  for • 15-17 

peculiarities  of  mortality  rates  in 10 

sources  of  life  tables  for." ..... \4,  20 
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Formula: 

Everett's. 126 

for  estimating  July  1,  1940,  populations 109 

for  uniform  seniority 143 

Gompertz's .  138 

Jenkins' __ 125,126,128,136 

Karup-King ...126,127,136 

King's.. 123,124 

Makeham's 96.139 

Waring's 111,137 

Formulas: 

for  actuarial  functions 138 

for  annuities.. __ _ 86-91,95,96 

for  centra]  death  rate _.  119, 127 

for  force  of  mortality. _ 137.138 

for  life  assurances 87-91 

for  life  table  functions 133, 134 

for  oscillatory  interpolation 125-127. 136 

for  pivotal  values _ 123. 124 

for  present  value 85 

for  pure  endowments __  85. 88,89. 91 

for  rate  of  mortality lis,  123, 140 

for  separation  factor. 117. 135 

reference  lists  of ..87.88.91 

standard,  application  of Ml 

Foudray,  Elbertie II.  122 

France: 

life  table  values  for 15-17 

source  of  life  tables  for 20 

Freeman,  Harry 123,  126 

Frequency  distribution,  life  table  as.. _ 23,24 

Galvani,  Luigi... 20 

General  mathematical  theory  of  life  contingencies. 85-92 

General  population  and  life  insurance  experience  compared 55-57 

Generation.     See  Cohort. 

Geographic  incidence  of  incomplete  reporting  of  infant  deaths 103. 104 

Geographic  variation: 

incompleteness  of  registration 10. 102-106 

in  life  table  values in.  14-19 

Georgia: 

completeness  of  birth  registration,  1940 102 

death  rates  under  1  year,  by  age.  1939-1941. _.      104 

registered  and  adjusted  births,  1939-9141 _ 102 

Germany: 

data  used  by  Glover  in  computing  separation  factors 118, 119 

government  publication  of.  source  of  life  table  values  for  Austria  and  Czecho- 

slavakia 14 

life  table  values  for _ 15-17 

made  death  tabulations  from  which  separation  factors  can  be  obtained  di- 
rectly  ; _. 117 

source  of  life  tables  for 20 

Glass,  D.  V _ 24 

Glover,  James  W , 25,93,118,120,122 

Gompertz,  Benjamin 94,137, 138 

Graduation: 

Makeham.. 55.94.97,138-143 

of  1939-1941  life  tables 101,109-112.120-132,138-140 

of  enumerated  populations  not  considered  necessary 110 

of  mortality  table  for  total  whites. 138-143 

preliminary,  by  Makeham's  law 139. 140 

tends  to  correct  sampling  errors _         2 

tends  to  correct  svstematic  error 1 

tests  Of 126-132,140-143 

Grant,  Milton  D 20 

Graphs: 

list  of IV 

Negro  death?  in  selected  age  groups  as  ratio  to  number  at  ages  50to54 111 

of  1939-1941  United  States  life  table  values  by  race  and  sex.. 4-9 

of  average  future  lifetime 8,9 

of  number  of  survivors: 

in  United  States.  1939-1941 _ 6.  7 

in  United  States  and  selected  foreign  countries IS.  19 

of  rates  of  mortalitv. _ 4,5,12.13 

GreviDe.  T.  N.  E IT,  111,  126 

Gross  premiums  charged  by  life  insurance  companies 56,57,88,97 

Group  insurance  excluded  from  1930-1940  Experience  table 56 

Grouping  of  ages  in  computing  mortalitv  rates 112, 120-124 

Grove,  Robert  D... _  102,106 

Guertin,  Alfred  N II 

Hardy.  Sir  G.  F 122 

Hazardous  occupations,  higher  mortality  in 57 

Heaping  in  age  statements 101, 107, 110, 120-122, 127 

Heirs  tc  an  estate 90 

Henderson,  Robert 125,139 

Huston,  F.  Edward II 

Hypothetical  cohort.    See  Cohort. 

Hypothetical  population.    See  Population,  stationary. 

Idaho: 

completeness  of  birth  registration,  1940 102 

death  rates  under  1  year,  by  age,  1939-1941 104 

omitted  from  infant  death  rate  computations  for  nonwhites 102, 104-106 

registered  and  adjusted  births,  1939-1941 102 

Illinois: 

completeness  of  birth  registration,  1940 102 

death  rates  under  1  year,  by  age.  1939-1941 104 

enacts  Standard  Non-Forfeiture  and  Valuation  Laws 55 

law  recoenizes  new  mortalitv  table 55 

registered  and  adjusted  births,  1939-1941 102 

Immediate  annuity.    Se?  Annuity,  immediate. 

Immediate  payment  of  claims,  adjustment  for 88 

Immigration 21-23,109,110,112,119,120,122 

Immigration  and  Naturalization  Service 110 

Improvement  in  mortality 10. 104 

Inaccuracy  in  age  statements 1, 2, 101, 107, 109-112  120-122, 127 

Incomes: 

high  in  group  covered  by  1930-1940  Experience  table 56 

low  among  Mexican  agricultural  workers 104 

Incompleteness  of  enumeration: 
affects  life  table  values 1 
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Incompleteness  of  enumeration — Continued 

offset  by  any  incompleteness  in  reporting  deaths 101, 102 

preliminary  calculations  indicated  increase  with  advancing  age  in 108 

substantial  in  case  of  children  under  age  5 _ 102, 103 

Incompleteness  of  reporting: 

affects  death  statistics  for  early  infancy 104 

correction  for 101-109,116 

in  data  underlying  life  tables 1 

of  births.    See  Births,  completeness  of  reporting  of. 

of  deaths 1,10,101-107 

of  infant  deaths.    See  Infant  deaths,  completeness  of  reporting  of. 

Incorrect  reporting.    See  under  Errors. 

Increasing  life  annuity. 139 

Index  of  preference  for  digits  of  age ... 121 

India.    See  British  India. 

Indiana: 

completeness  of  birth  registration,  1940 102 

death  rates  under  1  year,  by  age,  1939-1941 104 

enacts  Standard  Non-Forfeiture  and  Valuation  Laws _ 55 

law  recognizes  new  mortality  table__ 55 

registered  and  adjusted  births,  1939-1941.. 102 

Indians: 

death  rates  in  United  States,  1939-1941.. . 3 

definition  of,  in  census 2 

difficulty  of  differentiating 2 

effect  of  tuberculosis  and  maternal  deaths  among 10 

in  United  States,  1940 - 3 

on  reservations  difficult  to  enumerate 1 

show  higher  mortality  among  females  than  males  at  certain  ages 10 

Industrial  insurance  excluded  from  1930-1940  Experience  table 56 

Infant  cards,  used  in  1940  census  to  study  completeness  of  birth  registration.. .     103 

Infant  death  statistics: 

errors  in.. _ 1,101,103-107 

not  adjusted  for  underreporting  in  United  States  life  tables  prior  to  1940 103 

of  "other  races"  adjusted  for  roughness  due  to  small  volume  of  data 101,109 

preliminary  adjustment  of. 101,103-109,114 

used  in  estimating  survivors  to  age  1 107 

Infant  deaths: 
completeness  of  reporting  of: 

affects  accuracy  of  life  tables —  1,101,103 

assumed  equal  to  completeness  of  birth  registration 106-108,116 

by  subdivisions  of  first  year  of  life 108,109 

deficient  by  a  substantial  amount 103,105 

has  similar  geographical  incidence  to  that  of  births 104 

in  first  day  of  life  may  bo  lower  than  for  births .      105 

lower  in  first  week  of  life 105 

lower  in  States  with  less  complete  birth  reporting 105,106 

probably  higher  than-fcr  births  in  urban  areas 106 

studied  through  analysis  of  infant  death  rates 103-107 

of  males  by  age  and  month  of  death,  1935 118 

some,  may  be  reported  as  stillbirths.. «... 105 

substantial  number  of,  where  neither  birth  nor  death  is  registered 105 

Infant  mortality: 

high  among  Mexican  agricultural  workers 104 

improvement  in,  has  affected  neonatal  deaths  less  than  others 104 

level  of,  closely  related  to  completeness  of  birth  registration 103-105 

rates  adjusted  for  incomplete  death  reporting 106 

rates  for  groups  of  States 105 

rates  for  subdivisions  of  first  yearoflife,  by  States 104 

rates  high  in  smallest  urban  places 106,107 

rates  used  in  studying  completeness  of  reporting  of  infant  deaths 103-107 

spectacular  improvement  in. 10 

Infants: 

adjustment  of  data  for 107-109 

adjustment  of  mortality  rates  for  effect  of  migration 119,120 

appreciable  error  in  data  for 1 

calculation  of  separation  factors  for _  117, 118 

incompleteness  in  enumeration  of 102,103 

life  table  values  for 50-53 

relatively  large  number  of  deaths  among 2 

Influenza  epidemic  of  1918 10 

Instantaneous  rate  of  mortality 93 

Institute  of  Actuaries  (of  Great  Britain  and  Ireland) 137 

Instrumental  deliveries 104 

Insurance.    See  Assurances,  life  and  Life  insurance  companies. 

Insured  lives,  mortality  of _  55-57 

Intensity  of  mortality 93 

Interest: 

and  discount 90,97 

compound ..       85 

factor  in  calculating  life  insurance  premiums 56 

force  of  (5) _. 139 

rates  for  which  actuarial  tables  included. __ __ 55 

International  Congress  of  Actuaries,  Permanent  Committee  of 25,57 

Interpolation: 

linear 94,96 

of  mortality  rates  carried  out  independently  in  life  tables  for  combinations  of 

olfissps  25 

oseu]atoiy"~™~~~I"I"r_"""I"y_"~^"."~II""""""~ 

to  obtain  pivotal  values  of  populations  and  deaths 112,122-124 

to  obtain  rates  of  mortality 112,122-126,136 

used  in  calculating  expected  deaths 127 

Interpolation  formulas 125-128, 136 

Interval,  age  (see  also  Age  grouping) 21,  22 

Iowa: 

completeness  of  birth  registration,  1940... _ 102 

death  rates  under  1  year,  by  age,  1939-1941 104 

registered  and  adjusted  births,  1939-1941 _     102 

Italic  "a"  represents  immediate  annuity 90 

Italy: 

graphs  of  number  of  survivors  in... 18, 19 

life  table  values  for 15-17 

mortality  compared  with  other  countries 14 

source  of  life  tables  for 20 

January  deaths  require  special  treatment  in  computing  separation  factors 118 

Japan: 

graphs  of  number  of  survivors  in _ 18, 19 

life  table  values  for 15-17 

low  survival  rates  in 14 

mortality  compared  with  other  countries 14 

peculiarities  of  mortality  rates  in _ _ 10 

source  of  life  tables  for 20 
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Japanese: 

death  rates  in  United  States,  1939-1941. _. 

foreign-born,  given  by  age  in  census _  112 

in  United  States,  1940 3 

mortality  of  males  generally  higher  than  that  of  females io 

Jenkins' modified  fifth  difference  interpolation  formula 125,126  i28  136 

Jenkins,  W.  A 125, 126, 128, 136 

Joint  and  survivor  annuity,    gee  Annuity,  last  survivor. 

Joint  life  annuities.    See  Annuity,  joint  life. 

Joint  life  assurances __ 90-92,97 

Joint  pure  endowments _ 88,89,91]  92 

Junction: 
of  interpolated  mortality  rates  with  rates  under  age  5  computed  from  birth 

and  death  statistics 126, 136 

of  makehamized  mortality  rates  with  original  values  retained  at  young  ages.      140 
of  mortality  rates  interpolated  by  Karup-King  and  Jenkins'  formulas 126, 136 

Justice,  Department  of __ no 

Kansas: 

completeness  of  birth  registration,  1940 102 

death  rates  under  1  year,  by  age,  1939-1941 104 

registered  and  adjusted  births,  1939-1941 102 

Karup,  Johannes 126 

Karup-King  interpolation  formula _  126, 127, 136 

Kentucky: 

completeness  of  birth  registration,  1940 102 

death  rates  under  1  year,  by  age,  1939-1941 104 

enacts  Standard  Non-Forfeiture  and  Valuation  Laws 55 

law  recognizes  new  mortality  table 55 

registered  and  adjusted  births,  1939-1941 102 

Keyfitz,  Nathan 20, 120 

King,  George 96,122-124,126,137 

King's  pivotal  value  formula 123  124 

Knibbs,  Sir  G.  H 93 

Kuczynski,  Robert  R • 24 

It,  number  living: 

apparent  inconsistencies  in  values  of 25 

at  ages  21  and  65  by  race  and  sex 3 

calculation  of __ 133 

comparison  of 7, 8, 11, 14, 16, 18, 19 

defined . 21 

graphs  of 6,7,18,19 

in  foreign  countries 15-19 

in  United  States,  1900-1941 \\ 

use  of,  as  basic  function  of  life  table ... 92, 137 

use  of,  in  estimating  and  forecasting  populations __ 23 

Lz,  stationary  population: 

calculation  of 133, 134 

defined 21 

not  shown  for  makehamized  table 93 

use  in  estimating  and  forecasting  populations 22, 23 

Lagrange,  J.  L _.      Ill 

Lagrange's  formula. __ 111 

Last  survivor  annuity 89,90-92,94,97 

Last  survivor  life  assurances 92. 97 

Least  squares,  method  of 109,139, 140 

Length: 

of  the  month , 108 

of  the  year 108,134 

Life  annuity.    See  under  Annuity. 

Life  assurances.    See  Assurances,  life. 

Life  contingencies,  mathematical  theory  of 1,57,85-92 

Life  expectancy.    See  Average  future  lifetime. 

Life  insurance.    See  Assurances,  life. 

Life  insurance  companies: 

contributed  data  for  1930-1940  Experience  table 55 

mortality  experience  of 55-57 

practice  of: 

in  computing  premiums 88,97 

in  payment  of  claims 88,97 

premiums  charged  by 56,57,88 

Life  interest  in  estate... 90 

Life  table  constitutes  frequency  distribution . 23,24 

Life  table  values: 

for  foreign  countries 15-17 

for  United  States,  1900-1941 11 

modification  of,  for  use  in  actuarial  tables. 92, 137 

Life  tables: 

accuracy  of ' — 1, 2 

based  on  life  insurance  experience. 55-57 

construction  of: 

calculation  of  derived  life  table  functions 101, 133,134,140 

calculation  of  rates  of  mortality 101, 112-132, 135-137, 140 

preliminary  adjustment  of  data.. _  101-114 

three  major  steps  in  process  of 101 

data  on  which  based - 1,101.112-114 

explanation  of  columns  of. . 21,22 

for  United  States,  1939-1941 26-53 

for  United  States,  1939-1941,  compared  with  earlier  periods 10-14 

for  United  States  compared  with  other  countries 14-19 

graduation  of. 1, 2, 101, 109-112, 120-132, 136, 138-143 

in  this  volume,  basis  and  scope  of. 1, 21, 101 

mathematical  notation  used  in 24,25 

mortality  rates,  and  actuarial  functions  compared  with  tables  based  on  life 

insurance  experience 55.  56 

use  in  estimating  and  forecasting  populations 22,23 

use  in  studying  reproductive  capacity  of  populations. 24 

variation  by  race  and  sex. 2-10 

Lifetime,  average  future.    See  Average  future  lifetime. 

Limiting  ages  of  life  tables 133, 137, 140 

Linder,  Forrest  E._ ,. -      106 

Lives  insured,  not  basis  of  tabulation __ 56 

Living,  number  of,  in  life  table.    See  h,  number  living. 

Logarithms: 

of  Makeham  constants 79,139,140,143 

used  in  computing  force  of  mortality  at  birth •    138 

Longevity: 
average.    See  Average  future  lifetime. 

comparison  of  different  measures  of 2,3,23,  24 

in  different  countries. 14-19 

in  different  subdivisions  of  the  population _ 2,3,6-9 
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in  United  States,  1939-1941,  compared  with  earlier  periods 11 

of  whites  and  Negroes.. 22 

Lotka,  Alfred  J 24,126 

Louisiana: 

completeness  of  birth  registration,  1940 102 

death  rates  under  1  year,  by  age,  1939-1941.. _ 104 

registered  and  adjusted  births,  1939-1941 102 

Lump  sum  payment  replacing  periodic  payments __ 57 

Mackenzie,  M.  A 93 

Maine: 

completeness  of  birth  registration,  1940 102 

death  rates  under  1  year,  by  age,  1939-1941 104 

enacts  Standard  Non-Forfeiture  and  Valuation  Laws 55 

law  recognizes  new  mortality  table 55 

omitted  from  infant  death  rate  computations  for  nonwhites. 102, 104-106 

registered  and  adjusted  births,  1939-1941 102 

Majority,  attainment  of 1,3 

Makeham  constants: 

determination  of 138-140 

necessary  relationship  for  law  of  uniform  seniority  to  hold  for  annuities 

involving  both  male  and  female  lives 97,138 

preliminary  values  of 139 

values  of _ 79, 140 

Makeham  graduation  of  life  table  for  total  whites 55, 94, 97, 138-143 

Makeham,  W.  M 55,94-97,137-141,143 

Makehamized  mortality  table  for  total  whites,  1939-1941: 

calculation  of  other  tables  derived  from 143 

comparison  with  original  life  table 141-143 

graduation  of 138-143 

mortality  rates  and  actuarial  functions  compared  with  those  based  on  life 

insurance  experience... 55, 56 

tables  based  on 79-84 

Makeham's  formula . 96, 139 

Makeham'slaw 55,94-96,138-140 

Makeham's  second  formula _ 137 

Males: 

and  females,  joint  life  computations  for,  based  on  separate  life  tables 97-99 

comparison  of  different  quinquennial  age  groupings  for,  in  1935  deaths  and 

1940  census 122 

comparison  of  reported  and  expected  deaths  for 127,128 

data  used  in  computing  mortalitv  rates  for 113, 114 

deaths  of,  in  United  States,  1939-1941... 2 

enumerated  populations  of,  1940 2 

force  of  mortalitv  at  birth  for,  in  certain  countries 138 

graphs  of  life  table  values  for 4-9.12,18,24 

infant  deaths  of,  by  age  and  month  of  death,  1935 118 

least  squares  adjustment  of  deaths  of  "other  races".. 109 

life  table  values  compared  with  females 2-10 

life  tables  for 11,15-17,28,29,34,35,40,41,46,47,50-53 

live,  on  average,  not  so  long  as  females 2-3 

more  numerous  in  life  insurance  mortality  experience 56 

Negro: 

comparison  of  assumed  and  expected  deaths  at  ages  50  to  74 128 

comparison  of  populations  in  certain  age  groups,  1930  and  1940 110 

deaths  in  selected  age  groups  as  ratio  to  number  at  ages  50  to  54  (graph) 111 

original  and  redistributed  populations  and  deaths  at  ages  55  to  69 112 

Negro  and  other  races,  have  lower  mortality  than  females  at  certain  ages 10 

preference  for  digits  of  age  by,  in  1935  deaths  and  1940  census 121 

separation  factors  obtained  by  approximate  integration 135 

show  lower  mortality  than  females  at  certain  ages  in  depressed  countries 10 

third  and  fourth  differences  of  graduated  rates  of  mortality 129-131 

white: 

actuarial  tables  for 58-68 

adjustment  for  underreporting  of  survivors  to  age  1 116 

adjustment  of  mortality  rates  at  ages  1  to  4  for  effect  of  migration. 120 

calculation  of  mortality  rates  at  ages  1  to  4 117 

computation  of  actuarial  tables  for 137, 138 

deaths  at  ages  0  to  4  by  age,  year  of  death,  and  year  of  birth,  1934-1941 116 

frequency  distribution  of  ages  at  death  (chart) 24 

low  mortality  in  1919-1921 10 

mortality  rates  and  actuarial  functions  compared  with  those  based  on  life 

insurance  experience 55,56 

number  surviving  specified  periods  between  birth  and  age  5,  1934-1941 117 

registered  births,  1934-1941 116 

survivors  to  age  1 116 

survivors  to  end  of  year  of  birth 116 

Maryland: 

completeness  of  birth  registration,  1940. 102 

death  rates  under  1  year,  by  age,  1939-1941 104 

enacts  Standard  Non-Forfeiture  Valuation  Laws 55 

law  recognizes  new  mortality  table 55 

registered  and  adjusted  births,  1939-1941 102 

Massachusetts: 

completeness  of  birth  registration,  1940 102 

death  rates  under  1  year,  by  age,  1939-1941 104 

enacts  Standard  Non-Forfeiture  and  Valuation  Laws 55 

law  recoanizes  new  mortality  table 55 

registered  and  adjusted  births,  1939-1941 102 

Mathematical  abstractions,  commutation  columns  are 86,93 

Mathematical  notation 24,25,57,90,92 

Mathematical  relationships  between  actuarial  functions 89-92 

Mathematical  theory  of  life  contingencies 1,57,85-92 

Maturity  date 85 

Maxima  in  frequency  distribution 23 

Mean,  arithmetic 23, 94, 139 

Measures  of  longevity 2,3,23,24 

Measures  of  reproductivity 24 

Mechanical  causes  figure  in  neonatal  deaths 104 

Medianlength  of  life 3,23,  24 

Medical  examination  of  life  insurance  applicants 56 

Mehlman,  Harry n 

Men  carrv  more  life  insurance  than  women 56 

Menge,  Walter  O 93 

Method  of  least  squares "... 109,139,140 

Method  of  moments 140 

Methods  and  processes  used: 

in  construction  of  actuarial  tables 1,137-143 

in  construction  of  life  tables 1, 101-136 

Metropolitan  Life  Insurance  Co H 

Mexican  agricultural  workers  have  high  infant  mortality 104 
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Mexico: 

adjustment  of  mortality  rates  for 14 

graphs  of  number  of  survivors  in__. __"_'  i8f  19 

life  table  values  for. _ _ """  15L17 

low  survival  rates  in """       14 

mortality  in,  compared  with  other  countries... 14 

overstatement  of  mortality  rates  in  life  table  for... "       14 

source  of  life  tables  for "  "  14,20 

Michigan: 

completeness  of  birth  registration,  1940 _ _ 102 

death  rates  under  1  year,  by  age,  1939-1941 _ _ "      104 

enacts  Standard  Non-Forfeiture  and  Valuation  Laws. ".'       55 

law  recognizes  new  mortality  table """       55 

registered  and  adjusted  births,  1939-1941 ~_  .""      102 

Migration: 

adjustment  of  mortality  rates  for  effect  of _  112,119,120 

affects  populations _ '122 

correction  for,  in  estimating  populations. 22, 23,  io9, 110 

emigration  ignored  in  adjustment  of  mortality  rate  under  age  5. '..    'li9 

immigration  indicated  by  census  returns  of  foreign-born 119 

none  assumed  in  stationary  population "~       21 

Minnesota: 

completeness  of  birth  registration,  1940. 102 

death  rates  under  1  year,  by  age,  1939-1941.. _ ..'....'        104 

registered  and  adjusted  births,  1939-1941 102 

Mississippi: 

completeness  of  birth  registration,  1940 102 

death  rates  under  1  year,  by  age,  1939-1941 _ _. 104 

registered  and  adjusted  births,  1939-1941 ~      102 

Missouri: 

completeness  of  birth  registration,  1940... 102 

death  rates  under  1  year,  by  age,  1939-1941 _ :"""      104 

enacts  Standard  Non-Forfeiture  and  Valuation  Laws """       55 

law  recognizes  new  mortality  table _ "       55 

registered  and  adjusted  births,  1939-1941.. : __"      102 

Mixed  blood,  reporting  of  race  in  cases  of '..'.["         2 

Modes  in  frequency  distribution _ _ ~        23 

Modification  of  elementary  life  table  values  for  inclusion  in  actuarial  tables. '.  92. 137 

Modified  oscillatory  interpolation 125,126 

Moments,  method  of _."""..    'l40 

Monetary  benefits  contingent  on  death  or  survival  (see  also  Annuitv  and  As- 
surances, life) _ '. 1 

Monetary  values.    See  under  Actuarial  tables. 
Montana: 

completeness  of  birth  registration,  1940. 102 

death  rates  under  1  year,  by  age,  1939-1941 ~*     104 

enacts  Standard  Non- Forfeiture  and  Valuation  Laws 55 

law  recognizes  new  mortality  table _. • 55 

registered  and  adjusted  births,  1939-1941.. '.'.      102 

Month,  length  of... _ _.".      10s 

Months  of  age  under  1  year.    Set  First  year  of  life  and  Infant  deaths,  also  Infant 
mortality. 

Moriyama,  Iwao  M n 

Mortality  (see  also  Deaths): 

comparisons. 3-5,10-16 

experience  of  life  insurance  companies _ __ _  55,5*5 

force  of.    See  Force  of  mortality. 

in  foreign  countries 10.14-20 

infant 2,10,103-107 

Mortality  rates.    See  Rates  of  mortality. 
Mortalitv  table  (see  also  Life  tables): 

1930-1940  Experience  table 55,56 

Commissioners  Standard  Ordinary  table _..  55,56 

Makehamized.    See  Makehamized  mortality  table. 

name  customarily  applied  by  actuaries 55 

Mortars,  Giorgio 14 

Mutual  Benefit  Life  Insurance  Co n 

Myers,  Robert  J. II,  121 

National  Association  of  Insurance  Commissioners  Uormerly  National  Conven- 
tion of  Insurance  Commissioners) 55 

National  Resources  Planning  Board 22 

Native  population: 

in  1940,  estimated  by  single  years  under  age  5 112, 113 

ratio  to  total  population  used  in  adjusting  mortality  rates. 119, 120 

underage  1  in  1940,  estimate  of 102 

Nebraska: 

completeness  of  birth  registration,  1940 102 

death  rates  under  1  year,  by  age,  1939-1941 104 

enacts  Standard  Non-Forfeiture  and  Valuation  Laws 55 

law  recognizes  new  mortalitv  table 55 

registered  and  adjusted  births,  1939-1941 102 

Negroes  (see  also  Nonwhites) : 

adjustment  for  incomplete  reporting  of  infant  deaths  of 108 

age  heaping  tends  to  produce  cyclical  fluctuations  in  mortality  rates  for 123 

age  tabulations  of.  available  in  1940  census 110 

average  duration  of  life  of,  increases 10 

comparison  of  1930  and  1940  populations  of,  at  certain  ages 110 

comparison  of  assumed  and  expected  deaths  of,  at  ages  50  to  74 128 

comparison  of  reported  and  expected  deaths  of 127, 128 

comparison  of  survivors  to  age  1  estimated  by  two  methods 107 

comparisons  of  life  table  values  for  different  periods 10, 11, 15-17 

completeness  of  birth  registration  of.  1940 103 

completeness  of  death  registration  of 1.10 

computation  of  pivotal  rates  of  mortality  for 124 

data  used  in  computing  mortalitv  rates  for 113, 114 

death  rates  of,  in  United  States,  1939-1941 3 

deaths  in  selected  age  groups  as  ratio  to  number  at  ages  50  to  54  (chart) 111 

deaths  of,  in  United  States.  1939-1941 2 

effect  of  tuberculosis  deaths  among 10 

enumerated  populations  of,  1940 2 

estimation  of  age  distributions  of,  not  available  in  census 110 

female,  show  higher  mortality  than  white  males 10 

graphs  of  life  table  values  for 4-9 

greater  proportion  of,  die  before  reaching  old  age 22 

half  of  total  Negro  population  found  in  rural  South 1 

irregularities  in  age  distribution  of  deaths  of 111 

life  tables  for 38-43, 52 

life  tables  for,  given  separately  by  sex,  and  for  both  sexes 21 

life  tables  for,  show  considerable  geographic  variation 10 

live,  on  average,  not  so  long  as  whites  and  other  races 2,3 

longevity  of,  compared  with  whites  and  other  races 2,3 
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lower  expectation  of  life  does  not  indicate  smaller  range  of  longevity. 22 

migration  estimates  not  furnished  separately  for 110 

minor  irregularities  in  earlier  life  tables  for 25 

original  and  redistributed  statistics  for  ages  55  to  69. 112 

pivotal  value  formulas  employed  for 124 

probable  misstatement  of  age  could  affect  life  table  values  for 110 

redistribution  of  populations  and  deaths  at  ages  55  to  69 101, 110-112, 128 

registered  and  adjusted  births  of,  1939-1941 103 

reporting  of  deaths  in  rural  South  may  be  less  complete  than  census  enu- 
meration  1 

sampling  error  of  minor  importance  in  life  tables  for 2 

separate  life  tables  prepared  for.. _ 1 

separation  factors  for__ ._ 118 

separation  factors  for,  obtained  by  approximate  integration 135 

show  female  mortality  higher  than  male  at  certain  ages __  10 

tabulation  of  nativity  of,  in  1940  census 112 

third  and  fourth  differences  of  graduated  rates  of  mortality  for * 130 

Neonatal  deaths  less  affected  than  others  by  improvement  in  infant  mortality.  104 

Net  premiums.    See  Premiums,  net. 

Nevada: 

completeness  of  birth  registration,  1940 102 

death  rates  under  1  year,  by  age,  1939-1941 104 

omitted  from  infant  death  rate  computations  for  nonwhites 102 

registered  and  adjusted  births  1939-1941 102, 104-106 

New  Hampshire: 

completeness  of  birth  registration,  1940 102 

death  rates  under  1  year,  by  age,  1939-1941 104 

enacts  Standard  Non-Forfeiture  and  Valuation  Laws ._  55 

law  recognizes  new  mortality  table 55 

omitted  from  infant  death  rate  computations  for  nonwhites 102, 104-106 

registered  and  adjusted  births,  1939-1941 102 

New  Jersey: 

completeness  of  birth  registration,  1940 102 

death  rates  under  1  year,  by  age,  1939-1941 104 

Department  of  Banking  and  Insurance II 

enacts  Standard  Non-Forfeiture  and  Valuation  Laws 55 

law  recognizes  new  mortality  table 55 

registered  and  adjusted  births,  1939-1941 _. 102 

New  Mexico: 

completeness  of  birth  registration,  1940 ._;.  102 

death  rates  under  1  year,  by  age,  1939-1941 104 

enacts  Standard  Non-Forfeiture  and  Valuation  Laws 55 

high  infant  mortality  in 104 

law  recognizes  new  mortality  table 55 

omitted  from  computations  of  infant  mortality  rates  for  whites. _.  104-106 

registered  and  adjusted  births,  1939-1941 102 

New  York: 

completeness  of  birth  registration,  1940 102 

death  rates  under  1  year,  by  age,  1939-1941 104 

registered  and  adjusted  births,  1939-1941 102 

New  Zealand: 

Government  Statistician  assisted  in  preparation  of  this  volume II 

graphs  of  number  of  survivors  in 18, 19 

life  table  values  for 15-17 

low  mortality  in 14 

mortality  compared  with  other  countries 14 

source  of  life  tables  for 20 

Non-Forfeiture  and  Valuation  Laws,  Standard 55 

Nonwhites: 
comparison  of  different  quinquennial  age  groupings  in  1935  deaths  and  1940 

census 121,122 

completeness  of  birth  registration,  by  States,  1940.. ____ 102 

death  rates  for  subdivisions  of  first  year  of  life,  by  States,  1939-1941 104 

death  rates  under  1  year,  by  groups  of  States,  1939-1941: 

adjusted  for  underreporting  of  deaths 106 

unadjusted 105 

estimate  of  foreign-born,  under  age  1 102 

preference  for  digits  of  age  in  1935  deaths  and  1940  census 121 

registered  and  adjusted  births  of,  by  States,  1939-1941... 102 

North  Carolina: 

completeness  of  birth  registration,  1940 _._ 102 

death  rates  under  1  year,  by  age,  1939-1941 104 

enacts  Standard  Non-Forfeiture  and  Valuation  Laws.. 55 

law  recognizes  new  mortality  table 55 

registered  and  adjusted  births,  1939-1941 102 

North  Dakota: 

completeness  of  birth  registration,  1940 102 

death  rates  under  1  year,  by  age,  1939-1941. 104 

registered  and  adjusted  births,  1939-1941 _"_.- _  «2 

Notation  Internationale  (pamphlet) __ 25,  57 

Notation,  mathematical  (see  also  Symbols) : 

differs  from  standard  actuarial  notation.. __ 24,25,57 

for  joint  life  benefits 90,92 

in  actuarial  tables 57 

in  life  tables 24,25 

Number  dying  (dx): 

calculation  of 92,133,140 

defined 21 

Number  living  (d): 

calculation  of... 92, 133, 140 

defined 21 

Numerator  and  denominator 86,95,96 

Numerical  examples: 

of  calculation  of  rates  of  mortality  under  age  5 116,117,120 

of  joint  life  annuities 94-96,98 

of  last  survivor  assurance 97 

of  reversionary  annuity 97 

of  single  life  annuities. 93 

of  single  life  assurances.. 93 

Occupation  may  affect  mortality 57 

Official  life  tables: 

for  races  other  than  whites  and  Negroes  prepared  for  the  first  time 1 

used  when  possible  for  foreign  life  table  values _. 14 

Ohio: 

completeness  of  birth  registration,  1940 102 

death  rates  under  1  year,  by  age,  1939-1941.. 104 

registered  and  adjusted  births,  1939-1941 102 

Oklahoma: 

completeness  of  birth  registration,  1940... 102 

death  rates  under  1  year,  by  age,  1939-1941 _ 104 

registered  and  adjusted  births,  1939-1941 __  102 
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Old-age  pensions 57,125 

Old  ages,  treatment  of,  in  computing  mortality  rates... 124, 125 

Open-face  commutation  symbols... 57 

Order  of  differences  to  be  used  in  testing  smoothness 128-132 

Ordinates  of  interpolation  curve 126,136 

Oregon: 

completeness  of  birth  registration,  1940... _ 102 

death  rates  under  1  year,  by  age,  1939-1941 104 

enacts  Standard  Non-Forfeiture  and  Valuation  Laws ._ 55 

law  recognizes  new  mortality  table 55 

registered  and  adjusted  births.  1939-1941. 102 

Original  registration  States.    See  Death-registration  States  of  1900. 
Oscillatory  interpolation: 

applied  to  mortality  rates  directly 112, 122 

formulas: 

advantages  of  modified  formulas _      125 

Jenkins'  modified  fifth  difference  formula 125, 126 

Karup-King  formula 126, 127 

special  extensions  of  Karup-King  formula  to  effect  smooth  transition 126, 136 

frequently  used  with  data  grouped  by  ages 122 

produced  smooth  values 122 

two  possible  methods  of  applying 122 

"Other  races": 

age  tabulations  of,  available  in  1940  census 110 

comparison  of  reported  and  expected  deaths  of 128 

comparison  of  survivors  to  age  1  estimated  by  two  methods 107 

completeness  of  birth  registration  of,  1940 103 

computation  of  pivotal  rates  of  mortality  for 124 

data  used  in  computing  mortality  rates  for 113, 114 

death  rates  of,  by  specified  race  and  sex ._ 3 

deaths  in  United  States,  1939-1941 2 

enumerated  populations  of,  1940 2 

estimation  of  age  distributions  of,  not  available  in  census 110 

graphs  of  life  table  values  for 4-9 

infant  death  statistics  adjusted  for  sampling  error 101, 109 

life  tables  for 44-49,53 

life  tables  for,  included  here  for  the  first  time l 

live,  on  average,  longer  than  Negroes 2,3 

longevity  of,  compared  with  whites  and  Negroes 2, 3 

pivotal  value  formulas  employed  for 124 

population  for,  by  specified  race  and  sex,  1940 3 

registered  and  adjusted  births  of,  1939-1941 103 

sampling  error  may  significantly  affect  life  tables  for 2 

separation  factors  for 118 

separation  factors  for,  obtained  by  approximate  integration 135 

show  female  mortality  higher  than  male  at  certain  ages 10 

third  and  fourth  differences  of  graduated  rates  of  mortality 131 

Overstatement: 

of  age 1, 2, 101, 110,  111 

of  mortality  rates  in  Mexican  life  table 14 

Partial  derivatives 139 

Participating  life  insurance  policies.. 88 

Past  experience: 

not  a  satisfactory  guide  in  preliminary  adjustment  of  data 101 

of  actuaries  in  construction  of  life  tables 101 

"Peak"  in  distribution  of  ages  at  death _ 23 

Peculiarities  of  mortality  rates 10, 14, 103, 104, 110,  111,  123, 124 

Pennsylvania: 

completeness  of  birth  registration,  1940. 102 

death  rates  under  1  year,  by  age,  1939-1941 104 

enacts  Standard  Non-Forfeiture  and  Valuation  Laws 55 

law  recognizes  new  mortality  table... 55 

registered  and  adjusted  births,  1939-1941 102 

Pensions,  use  of  actuarial  tables  in  connection  with  valuation  of— 57, 125 

Periodic  payments  replacing  lump  sum  payment.. 57 

Permanent  committee  of  the  International  Congresses  of  Actuaries 25, 57 

Physical  fitness  affects  mortality 57 

Pivotal  rates  of  mortality,  calculation  of 112, 122-125 

Pivotal  value  formulas  used  in  obtaining  mortality  rates 123, 124 

Policy  values 85 

Polynomial: 

of  fourth  degree 137 

of  second  degree 109, 128 

of  third  degree... 124,128 

Population: 
1940  census  of: 

comparison  of  different  quinquennial  age  groupings  in 122 

first  made  available  information  on  completeness  of  birth  registration 103 

life  tables  based  on 1, 101 

preference  for  digits  of  age  in 120-122 

taken  as  of  April  1 101,109 

actual,  related  to  ideal  life  table  population 119 

at  ages  1  to  4  calculated  from  birth  and  death  statistics  in  determining  ex- 
posed to  risk 107. 108 

calculation  of  pivotal  values  of. 112, 122-124 

cghsus* 

age  bias  in 1,  2, 101, 107, 110,  111,  120-122 

definition  of  Indian  in 2 

index  of  age  preference,  1880-1940 121 

completeness  of  enumeration  of: 

affects  accuracy  of  life  tables 1, 101, 102 

assumed  same  for  native  and  foreign-born 120 

assumed  equal  to  completeness  of  death  reporting 101, 102 

deficiency  most  serious  among  children 102, 103 

deficiency  offset  by  incomplete  death  reporting 1, 101, 102 

in  rural  South  may  be  more  complete  than  death  reporting  among  Negroes.         1 

Indians  on  reservations  present  difficulty 1 

enumerated: 

age  distribution  for  Negroes  levels  off  at  age  65 110 

by  race  and  sex,  1940 2 

not  graduated _ 110 

of  Negroes  at  certain  ages,  1930  and  1940 110 

of  "other  races,"  by  specified  race  and  sex,  1940 3 

under  age  1  compared  with  estimate 102, 103 

used  as  base  for  death  rates.. 3 

estimated: 

by  race  and  sex,  July  1,  1940. 101,109-111, 114 

foreign-born  under  age  5  in  1940 112 

Negroes  at  ages  50  to  74 11- 

of  Negroes  at  certain  ages,  1940. 110 

under  age  1  compared  with  enumerated  figure 102. 103 

under  age  5,  by  nativity,  race,  and  sex,  1940. 113, 120 
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Population— Continued 
estimated — Continued 

used  in  computing  expected  deaths 127, 128, 141 

estimation  of.. 22,  23 

forecasting 22^23 

in  stationary  community _ 21 

needed  on  July  1,  1940,  for  life  table  construction. 101 

Negro,  redistribution  of,  at  ages  55  to  69 101, 11CM12, 128 

projection 22,  23, 125 

ratio  of  native  to  total,  used  to  adjust  for  effect  of  migration  at  young  ages..  119, 120 

reproductive  capacity  of _._ I 24 

stationary: 

calculation  of __ 133,134 

central  death  rate  denned  in  terms  of 119 

defined 21 

not  shown  for  makehamized  table 93 

relationship  to  actual  population 119 

use  in  estimating  and  forecasting _ 22.23 

statistics: 

oscillatory  interpolation  may  be  applied  to 122 

preliminary  adjustment  of 101, 102, 109-114 

total,  life  table  for ___ 26,27 

Practices  of  life  insurance  companies 88,97 

Precision  desirable  in  relationships  between  actuarial  functions 2, 92, 137 

Preference,  index  of,  in  age  statements 112 

Preliminary  adjustment: 

four  types,  according  to  purpose  of  adjustment... 101 

of  birth  statistics 101-103,107,108 

of  death  statistics ___ 101-112, 114 

of  infant  death  statistics 101,103-109,114 

of  population  statistics ..  101,102,109-114 

Preliminary  graduation  by  Makeham's  law 139,  no 

Premiums: 
gross: 

charged  by  life  insurance  companies 56,  57,88,97 

may  include  adjustment  for  immediate  payment  of  claims,..        _ 88,97 

not  comparable  with  net  premiums 56,57,88,97 

net: 

calculation  of  values  given  in  actuarial  tables. 138 

formulas  for 87-91 

tables  of 56.64-68,75-79 

use  of  actuarial  tables  in  calculation  of __  1,57,93,97 

Present  value: 

defined 85 

of  benefits 90,97 

of  life  annuities: 

actuarial  tables  used  in  computing 1,57 

formulas  for 86-89,91.95.96 

tables  of 56.64-68,75-79,81-84.141.142 

of  one  unit  due  after  t  years 95 

Principal  tables,  list  of IV 

Probability: 

mortality  rate  may  be  regarded  as 115 

of  dying  (see  also  Rate  of  mortalitv): 

denned 21.115 

partial 120 

of  survival: 

defined 93 

partial 115.117,120 

relationship  to  rate  of  mortalitv 93.115 

tables  of 58,69,80 

Probable  lifetime 3.23.24 

Processes  used: 

in  construction  of  actuarial  tables 1,137-143 

in  construction  of  life  tables 1, 101-136 

Progression: 

arithmetic ... 112 

of  mortality  rates 122 

Projections,  population ...  22,23,125 

Proofs  of  death... 88,97 

Public  health  measures  have  made  greater  progress  in  States  having  most 

efficient  registration 103, 105 

Public  health  workers  interested  in  life  table  construction 1 

Puerperal  causes,  effect  of  deaths  from 10 

Pure  endowment: 

denned 85 

formulas 85,88,89,91,92 

joint 88,89,91,92 

Si,  rate  of  mortality: 

calculation  of 101. 112-132, 135-137, 140 

defined .- 21,115 

Quinquennial  age  grouping: 

comparison  of  different  methods  of 121, 122 

in  interpolation 122, 125, 126, 136 

in  obtaining  pivotal  values  of  population  and  deaths 112. 122-124 

in  tabulations  of  populations  and  deaths 23. 109-112. 114, 120, 127, 128, 143 

selection  of  a  particular  method  of 112, 120-122 

Race: 

errors  in  reporting  of 2 

life  tables  prepared  separately  by.. 1, 21 

variation  in  life  tables  by 2-10 

Racial  composition  of  "other  races"  population,  1940 ■. 3 

Radix  of  life  table 23, 93, 133, 139, 140 

Rate  of  discount: 

appears  in  assurance  formulas 90,91,97 

defined 90 

table  of 97 

Rate  of  infant  mortality 10, 103-107 

Rate  of  mortality  (qx): 

"   calculation  of 101, 112-132, 135-137, 140 

defined 21.115 

relation  to  survival  rate 93, 115 

Rate  of  survival: 

average 23 

defined 93,115 

use  in  population  projection 22, 23 

Rates  of  mortality: 

at  age  0  obtained  directly  from  reported  figures 107. 116 

at  age  0  understated  in  previous  life  tables 103 

at  ages  1  to  4,  numerical  illustration  of  calculation 117 

at  ages  0  to  4,  adjustment  for  effect  of  migration 119, 120 

at  ages  0  to  4,  computation  of. ..  115-120 

at  old  ages,  computation  of 124, 125 
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Rates  of  mortality — Continued 

comparison  of,  by  race  and  sex 2-10 

data  employed  in  computation  of .  .  "     101  113  114 

form  basis  of  life  table .......         21!  101 

formulas  for "lis,  123  140 

graduated,  third  and  fourth  differences  of .......  '  128^-132 

graduation  of 101,110,122-132 

grouping  of  ages  in  computation  of 112,120-124 

higher  for  females  at  certain  ages  in  depressed  countries '  io 

in  earlier  United  States  life  tables  compared  with  1939-1941  values. I. ....        10-14 

in  foreign  countries "  14,15 

in  makehamized  mortality  table  compared  with  original  table 141 

interpolation  of 112. 122-126. 136 

interruptions  in  increase  with  age  in  some  countries 10 

obtained  from  annuity  values "~  140 

peculiarities  of,  in  some  countries __'_  ..  10 

pivotal,  derivation  of 112  124,125 

test  of  graduation  of ....  12&-132 

two  methods  of  procedure  in  obtaining "     122.123 

Redistribution  of  Negro  populations  and  deaths  at  ages  55  to  69 101. 110-112  128 

Reference  lists  of  formulas: 

for  annuities _ §7 

for  joint  life  functions ......        91 

for  life  assurances '.'.""  88 

Refund  to  life  insurance  policyholders ".  gg 

Registered  births  in  United  States: 

1939-1941,  bvrace- 103 

1939-1941,  by  State  and  race J02 

bv  race  and  sex,  1934-1941 _  H3 

of  white  males,  1934-1941 '_'"  i\r, 

Registered  deaths  in  United  States  by  race  and  sex: 

ages  3  and  over,  by  age,  1939-1941 114 

in  1939-1941  form  basis  of  life  tables.. 2 

under  5,  by  single  ages,  1934-1941 "      113 

Registration,  completeness  of.    See  Completeness  of  reporting. 

Relation  between  annuities  and  assurances ._ 89,90 

Remainder  interest  in  estate 90 

Reproduction  rates,  gross  and  net 24 

Reproducti vi ty,  measures  of 24 

Reserves  on  life  insurance  policies 85 

Residence,  faulty  allocation  of  infant  deaths  by 107 

Reversionary  annuity .  89, 91, 92, 94, 97 

Revision  of  international  actuarial  notation 24.  25,  57 

Rhode  Island: 

completeness  of  birth  registration,  1940    .  102 

doath  rates  under  1  year,  by  age,  1939-1941 104 

registered  and  adjusted  births,  1939-1941 . "      102 

Robinson,  G ; ill 

Roman  "a"  represents  annuity-due  90 

Roughnesslinconvenient  in  manv  uses  of  life  tables ...  2 

Rounding  of  figures. 2123.126.132-134,137.140 

Sample  of  infant  cards  tabulated  by  detailed  race  classification 103 

Sampling  errors: 

correction  for .101,109 

due  to  chance  fluctuation _ 2,101 

may  affect  life  tables  for  "other  races". 2 

Sanitation  has  made  greater  progress  in  States  having  most  efficient  registra- 
tion  _ 103,105 

Scope: 

of  actuarial  tables 55 

of  volume 1 

Scotland: 

life  table  values  for. 15-17 

source  of  life  tables  for 20 

Self-selection  among  annuitants- _ 57 

Separation  factors: 

at  age  0  by  race  and  sex,  1934-1941.. 118 

defined 117 

derivation  of 117-119 

estimated  at  ages  1  to  3  by  approximate  integration 135 

test  of  appropriateness  of  Glover's 119, 135 

used  in  estimating  distribution  of  deaths  bv  vear  of  birth _ .      112 

Sex: 

incorrect  reporting  of 1,2 

variation  in  life  tables  by 2-10 

Sharp,  Maude.. II 

Sheppard,  N.  E 93 

Short  cuts  in  computation 86, 125, 126 

Significant  figures,  number  of  (see  alio  Decimal  places) : 

in  tables 2 

retained  in  calculations 133,134,137,140.143 

Single  life  annuity.    See  under  Annuity. 

Single  life  assurances.    See  under  Assurances,  life. 

Single  premium: 

gross 56,57,88,97 

net.    See  Premiums,  net. 

Skewness  of  frequency  distribution 23 

Smoothing.    See  Graduation. 

Smoothness: 

maintained  by  using  enough  significant  figures 2,137,140 

of  estimated  populations 110 

of  mortality  rates,  graduation  tested  for 126, 128-132 

Social  Insurance,  use  of  actuarial  tables  in  valuation  and  cost  estimates  for —       57 

Social  Security  Act 3,  111 

Social  Security  Board n 

Solorzano,  J.  B 14 

Sommers,  Herbert  J • 107 

South: 

Negro  deaths  in,  may  be  incompletely  reported. 1 

rural  part  of,  contains  half  of  United  States  Negro  population 1 

South  Africa,  Union  of 15-17,20 

South  Carolina: 

completeness  of  birth  registration.  1940 102 

death  rates  under  1  vear,  by  age.  1939-1941 104 

registered  and  adjusted  births,  1939-1941 ■ 102 

South  Dakota: 

completeness  of  birth  registration,  1940 102 

deatn  rates  under  1  year,  by  age.  1939-1941 104 

registered  and  adjusted  births,  1939-1941 102 

Spiegelman,  Mortimer H 

Spurgeon,  E.  F 57.92,93,119,137-139,143 

Standard  formulas,  application  of 101 

Standard  Non-Forfeiture  and  Valuation  Laws 55 
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States: 
combined  into  five  groups  to  study  effect  of  incomplete  reporting  on  infant 

mortality  rates.. 104-100 

completeness  of  birth  registration  by.. 102 

infant  death  rates  should  be  greater  in  those  with  less  complete  registration.      104 

infant  mortality  rates  by,  1939-1941 104 

infant  mortality  rates  used  in  studying  completeness  of  infant  death  reporting.  103-107 

old-age  assistance  programs... - 111 

ranked  according  to  completeness  of  birth  registration 104 

registered  and  adjusted  births  by 102 

which  have  recognized  new  mortality  table 55 

Stationary  population.    See  Population,  stationary. 

Statistics.    See  under  subject  matter,  as  Population;  Births;  Deaths;  Infant 
deaths. 

Steps: 

in  calculation  of  mortality  rates 112 

in  construction  of  life  table 101 

in  performing  Makeham  graduation... 139 

Stillbirths,  some  infant  deaths  may  be  reported  as 105 

Subdivisions  of  first  year  of  life.    See  First  year  of  life,  subdivisions  of. 

Survival: 

monetary  benefits  contingent  on  (see  under  Annuity) 1, 125 

rate  of 22,23,93,115 

Survivors: 
number  of.    See  lx. 
to  age  1: 

adjusted  for  underreporting 107, 108, 116 

estimated  by  two  methods 107 

to  ages  21  and  65  by  race  and  sex 3 

to  end  of  specified  calendar  years  _. 116, 117 

to  specified  birthdays,  white  males,  1939-1941 116,117 

Survivors'  benefits.. -' 125 

Survivorship  annuities.    See  Annuity,  reversionary. 

Sweden: 

life  table  values  for 15-17 

source  of  life  tables  for 14,20 

Switzerland: 

life  table  values  for - 15-17 

source  of  life  tables  for 20 

Symbols: 

for  actuarial  functions 57,85-93 

for  joint  life  benefits 90-92 

for  life  table  functions 21,22,24,25 

used  in  deriving  mortality  rates  under  age  5 115 

Systematic  errors  in  statement  of  age 1, 107, 120-122 

Tx,  stationary  population: 

calculation  of 134 

denned 21 

Tatham,  John - 122 

Temporary  annuity.    See  Annuity,  temporary. 

Temporary  life  assurances 87,88,92 

Tennessee: 

completeness  of  birth  registration,  1940 102 

death  rates  under  lyear,  by  age,  1939-1941 104 

enacts  Standard  Non-Forfeiture  and  Valuation  Laws. 55 

law  recognizes  new  mortality  table 55 

registered  and  adjusted  births,  1939-1941 102 

Term  assurances 87,  88,  92 

Texas: 

completeness  of  birth  registration,  1940 102 

death  rates  under  1  year,  by  age,  1939-1941 104 

high  infant  mortality  in 104 

omitted  from  computations  of  infant  mortality  rates  for  whites 104-106 

registered  and  adjusted  births,  1939-1941 102 

Thompson,  John  S __ 55,56 

Thompson,  Warren  S 22 

Tontine  fund 85 

Total  females,  life  table  for.. 30, 31 

Total  males,  life  table  for 28,29 

Total  Negroes,  life  table  for. : 38, 39 

Total  "other  races,"  life  table  for 44,45 

Total  population  of  United  States,  fife  table  for _ 26,27 

Total  whites: 

actuarial  tables  for 79-84 

life  tables  for 32,  33,  80 

makehamized  mortality  table  for.    See  Makehamized  mortality  table. 

"Trough"  in  distribution  of  ages  at  death 23 

Tuberculosis,  effect  of  deaths  from 10 

Ullman,  Morris  B II 

Underreporting.    See  Incompleteness  of  reporting. 

Understatement  of  age 1 

Undulations  in  mortality  curve.. 123-125 

Uniform  seniority: 

for  annuities  involving  both  male  and  female  lives 97,138 

formula. 143 

principle  does  not  hold  for  reversionary  and  last  survivor  annuities 94, 97 

principle  used  in  evaluating  joint  life  annuities 94,98 

table  of.. 80 

Union  of  South  Africa: 

life  table  values  for 15-17 

source  of  life  tables  for 20 

United  States: 

comparison  of  different  quinquennial  age  groupings  in 121, 122 

comparison  of  Negro  populations  in  certain  age  groups,  1930  and  1940 110 

completeness  of  birth  registration,  by  race  in 103 

continental,  life  tables  based  on  data  for 1, 101 

data  used  in  computing  mortality  rates  for 101, 113, 114 

deaths  of  infants  born  outside  of 119 

deaths  outside,  of  children  born  in \ 119 

force  of  mortality  in 58,69,80,138 

index  of  preference  in  age  statements,  1880-1940 121 

life  insurance  companies  contributed  mortality  experience 55 

life  insurance  mortality  experience  in 55-57 

life  table  values  compared  with  other  countries 14-19 

life  tables,  1939-1941 26-53 

life  tables  for  earlier  periods  compared  with  those  for  1939-1941 10-14 

mortality  compared  with  that  in  Canada 10 

movement  of  Negroes  into  and  out  of,  assumed  small _      110 

Negro  deaths  in  selected  age  groups  as  ratio  to  number  at  ages  50  to  54 111 

preference  for  digits  of  age  in 1, 107, 120-122 


Page 
United  States— Continued 
previous  life  tables  for: 

experience  of  Miss  Foudray  in  preparing __ II 

method  of  interpolation  used  in 122 

understatement  of  mortality  rate  at  age  0  in.. 103 

undulations  in  mortality  curve  in _. 123 

registered  and  adjusted  births,  by  race,  1939-1941.. _      103 

separation  factors,  by  race  and  sex _ H8 

survival  rates  compared  with  other  countries 14 

survivors  to  age  1  estimated  by  two  methods,  1930-1939 107 

Unreported  ages  at  death _._  101, 109 

Unreported  cases,  small  percentage  of  totals l 

Use: 

of  actuarial  tables. 1,57,92-99 

of  life  tables _.  21-24 

Utah: 

completeness  of  birth  registration,  1940 102 

death  rates  under  1  year,  by  age,  1939-1941 104 

omitted  from  infant  death  rate  computations  for  nonwhites 102, 104-106 

registered  and  adjusted  births,  1939-1941 102 

Valuation  date _i 85 

Valuation  Laws,  Standard  Non-Forfeiture  and 55 

Valuation  of  estates 57,90 

Value.    See  Present  value. 

Variation  in  life  table  values: 

by  country 14-19 

by  race  and  sex 2-10 

with  time __ 10-19 

Vermont: 

completeness  of  birth  registration,  1940 102 

death  rates  under  1  year,  by  age,  1939-1941 104 

enacts  Standard  Non-Forfeiture  and  Valuation  Laws 55 

law  recognizes  new  mortality  table 55 

omitted  from  infant  death  rate  computations  for  nonwhites 102, 104-106 

registered  and  adjusted  births,  1939-1941 102 

Virginia: 

completeness  of  birth  registration,  1940 102 

death  rates  under  1  year,  by  age,  1939-1941 104 

enacts  Standard  Non-Forfeiture  and  Valuation  Laws 55 

law  recognizes  new  mortality  table 55 

registered  and  adjusted  births,  1939-1941 102 

Vital  Statistics  Division,  Bureau  of  the  Census II 

Waring,  Edward 111,137 

Washington,  D.  C.    See  District  of  Columbia. 
Washington,  State  of: 

completeness  of  birth  registration,  1940 102 

death  rates  under  1  year,  by  age,  1939-1941 104 

registered  and  adjusted  births,  1939-1941 102 

Watson,  Sir  Alfred  W _ 122 

Waviness  in  mortality  curve 123-125 

Weeks  of  life  under  1  month.    See  First  year  of  life,  subdivisions  of. 
West  Virginia: 

completeness  of  birth  registration,  1940 102 

death  rates  under  1  year,  by  age,  1939-1941 104 

enacts  Standard  Non-Forfeiture  and  Valuation  Laws 55 

law  recognizes  new  mortality  table 55 

registered  and  adjusted  births,  1939-1941 102 

Whelpton,  P.  K 22 

White  females.    See  Females,  white, 
White  males.    See  Males,  white. 
Whites: 

actuarial  tables  for 58-84 

comparison  of  different  quinquennial  age  groupings  for,  in  1935  deaths  and 

1940  census 121,122 

comparison  of  reported  and  expected  deaths  of 127, 141, 143 

comparison  of  survivors  to  age  1  estimated  by  two  methods 107 

comparisons  of  life  table  values  for,  1930  and  1940 2,3,10,11, 15-17 

completeness  of  birth  registration  of,  1940: 

by  States 102 

in  the  United  States. 103 

computation  of  actuarial  tables  for 137-143 

data  used  in  computing  mortality  rates  for 101,113, 114 

death  rates  of,  for  subdivisions  of  first  year  of  life,  by  States,  1939-1941 104 

death  rates  of,  in  United  States,  1939-1941 3 

death  rates  under  1  year,  by  groups  of  States,  1939-1941: 

adjusted  for  underreporting  of  deaths '_ 106 

unadjusted 105 

deaths  of,  in  United  States,  1939-1941 2 

enumerated  populations  of,  1940.. 2 

graphs  showing  life  table  values  for 4-9, 12, 13, 18, 19 

life  tables  for.. 11,15-17,32-37,51 

live,  on  average,  longer  than  Negroes _.      2,3 

longevity  of,  compared  with  Negroes  and  "other  races". 2, 3 

preference  of,  for  digits  of  age  in  1935  deaths  and  1940  census 121 

registered  and  adjusted  births  of,  by  States,  1939-1941 102 

registered  and  adjusted  births  of,  United  States,  1939-1941 103 

separation  factors  for 118 

separation  factors  for,  obtained  by  approximate  integration 135 

third  and  fourth  differences  of  graduated  rates  of  mortality  for 129, 132 

Whittaker,  E.  T 111 

Whole  life  annuity.  _ 56,64-68,75-79,81-86,141-142 

Whole  life  assurance 87,88,90,93 

Wickens,  C.  H 137 

Williamson,  W.  R II 

Wisconsin: 

completeness  of  birth  registration,  1940 102 

death  rates  under  1  year,  by  age,  1939-1941 104 

enacts  Standard  Non-Forfeiture  and  Valuation  Laws 55 

law  recognizes  new  mortality  table 55 

registered  and  adjusted  births,  1939-1941.. __ 102 

Wolfenden,  Hugh  H II,  1, 115, 120, 122-124, 126 

Women  carry  less  life  insurance  than  men 56 

Workmen's  compensation  laws.. __ 57 

Wyoming: 

completeness  of  birth  registration,  1940... 102 

death  rates  under  1  year,  by  age,  1939-1941 104 

omitted  from  infant  death  rate  computations  for  nonwhites 102, 104-100 

registered  and  adjusted  births,  1939-1941 102 

Year,  length  of _ ....  108, 134 

Year  of  age,  defined.. 21 
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